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INTRODUCTION 
Interpreting pedogenic systems facilitates partial under­
standing of natural systems. 
This dissertation is an account of a detailed pedogenic 
study of a terrace system along the Mississippi River. The 
terrace occupies the highest elevational, nonloess mantled, 
alluvial sediments along the river. It is a slack water clay 
deposit, characteristically red, and predominantly occupied by 
the Zwingle soil. 
Sequential sedimentation processes were in effect at the 
time clays were deposited 2,460 years ago. Since then pedo­
genesis has altered the material into a well developed solum. 
Separating the effects of both geologic and pedogenic processes 
is one of the objectives of this study. From this, the inte­
grated continua of both systems can be interpreted. Separa­
tion will further aid the understanding and classification of 
soil systems. 
Terrace soils are cored in several directional traverses. 
À series of cores are obtained from terraces along the 
Mississippi River in Iowa, primarily over the distance between 
Minnesota and Clinton, Iowa. Other traverses included se­
quences of profiles with distance up the tributary, away from 
the main channel. 
Models are created from traverse data to represent 
geologic and pedogenic morphologies: Mathematical models 
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are constructed to explain systems which were in effect over 
distance down channel. Solum models included the surface 
weathering zone with sedimentary models derived from unmodi­
fied deeper materials. 
Two dimensional models are drawn to reconstruct terrace 
growth in two tributaries. Each represents a series of de­
positions which are partially expressing morphology. 
Block diagrams of solum-traverse morphology are computer 
plotted to represent interrelated patterns of individual 
parameters. Three dimensional relationships between depth, 
distance, and accumulation are used for comparisons of tribu­
taries and distributional patterns for various elements. 
Taxonomic inferences are made for red, brown, and gray 
solums found within the terrace system. Characterization and 
separation are possible with plotting and statistical tech­
niques. The entire terrace system was also characterized. 
Statistical descriptions facilitated evaluation of the complete 
system to various taxonomically separated parts. 
Proof of clay illuviation is established with X-ray 
analysis and thin sections. Nonpseudomorphic profiles can be 
identified by detailed mineralogical analysis of ultrafine 
clays in relation to total sample. Pronounced clay illuvia­
tion within the terrace system is also identified with thin 
sections of the B2 horizon. Cutans and organs mark the in­
fluence of pedogenic processes. 
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LITERATURE REVIEW 
Geological Development 
High terrace systems of the Mississippi River are pri­
marily late Pleistocene to Recent in age (Trowbridge, Williams, 
Frye, and Swenson, 1941), evidenced by a nonloess surface. 
However, much of the sediments comprising the terraces appear 
to be from glacial sources which have been texturally modified 
with respect to sortation and sedimentation processes. Inter­
pretation of Minnesota pleistocene will provide insight to 
understanding terrace stratigraphy. 
Late Wisconsin history is complex at the Mississippi 
River head where the sediments were derived. Reasonable inter­
pretations can be made from lowland ice lobes with distinctive 
texture, color, and stone content, which are interrelated 
stratigraphically with proglacial lakes and channel sediments. 
Several ice lobes invaded Minnesota from two major low­
lands, the Lake Superior bedrock basin to the east and Red 
River Valley on the west. The Superior Lobe underwent four 
major advancement cycles and produced a till of a distinct 
red color derived from red shales and sandstones of the Lake 
Superior basin (White, I966). The basin had been scoured to 
a depth of 1000 feet below sea level in early Wisconsin time 
(Wayne and Zumberge, I965). The Red River Valley contained the 
Des Moines Lobe which extended into central Iowa. Associated 
with it was the St. Louis Lobe which extended eastward, ap­
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proaching Lake Superior, and the Grantsburg Lobe extended north­
east toward the Superior Lobe. Tills of the St. Louis sublobe 
are characteristically light brown to reddish brown with some 
incorporation of silty lacustrine materials. Rainy tills 
occupy the area north of the St. Louis Lobe and have tills 
predominantly gray to brown and noncalcareous. 
Late Wisconsin glacial history can be divided into 
several phases of ice advancement and retreat cycles. The 
initial phase is represented by the Wadena Drumlin Field 
which occurred approximately 16,COO years B.P. It was then 
followed by the St. Croix phase which occurred from joint ad­
vancement of the Rainy and Superior Lobes to produce brown and 
red tills, respectively. St. Croix lake sediments near the 
Rainy Lobe have been radiocarbon dated at 13,200 to 14,690 B.P. 
An interstadial break occurred between the St. Croix 
and Automba phases. During the warm period the Rainy Lobe re­
treated over 200 miles to the present Vermilion Moraine, leav­
ing many blocks of stagnant ice (Florin and Wright, 1969). Re­
treat was not as rapid for the Superior Lobe and continued for 
about 100 miles. During the retreat a depressional area was 
formed to the north of a bedrock drainage divide which caused 
the formation of a proglacial lake. Sortation of outwash from 
the Superior Lobe and other sources tended to decrease the 
particle size of the lacustrine sediments. 
Readvancement of the Superior Lobe during the Automba 
phase caused the lacustrine sediments to be incorporated into 
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the ice and carried to a distance of 50 miles. Advancement 
followed a more westerly orientation in the Automba phase than 
during the St. Croix phase due to the presence of abundant 
remnants of stagnant ice and an absence of a southwesterly 
push from the Rainy Lobe. 
The Superior Lobe formed the Mille Lacs Moraine during the 
Automba phase. Mille Lacs Moraine crossed and dammed the 
normal southerly drainage of the St. Louis River to create 
two large proglacial lakes, Glacial Lake Upham I and Glacial 
Lake Aitkin I. Both lakes then drained into the upper 
Mississippi River. Meltwater from the Vermilion and Highland 
Moraines of the Rainy Lobe fed brown silts and clays into Lake 
Upham I. The Superior Lobe outwash drained northward carrying 
red sediments into both Lake Aitkin I and Lake Upham I. Clay 
fractions of the outwash contained distinct red coloring. 
Retreating glaciers marked the end of the Automba phase 
causing a southerly drainage of Lake Aitkin I (containing 
fine textured, red sediments) into the Mississippi River near 
Brainerd. Lake Upham I drained eastward to the St. Louis 
River. 
The Superior Lobe retreated during the interval between 
the Automba and Split Rock phases far enough into the Lake 
Superior basin to form another proglacial lake at the ice 
front. Large accumulations of red lacustrine sediments were 
deposited before readvancement in the Split Rock phase. In­
corporation of lacustrine beds occurred again during the Split 
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Rock phase resulting in a very clayey red till which was de­
posited on the landscape as a thin mantle approximately 3 
feet thick. The till is interpreted as being a composite of 
almost entirely proglacial lake sediments (Wright and Watts, 
1969). 
Meltwater from Superior Lobe during the Split Rock 
phase drained into many proglacial lakes, although much of 
it went into Lake Aitkin I then ultimately southwest to the 
Mississippi River. 
The Superior Lobe retreated 20 miles, then readvanced dur­
ing the Nickerson phase to form the Nickerson and Thompson Mo­
raines. The resultant till is characterized as red, stone 
poor, and clayey. Outwash didn't reach the Grindstone River, 
as in previous phases, but was captured by the Kettle River 
and drained south into the Mississippi River. 
The St. Louis Sublobe advanced during the Albom phase to 
a position southeast of the Des Moines Lobe at the same time 
the Superior Lobe retreated at the end of the Split Rock phase. 
Drainage of Superior Lobe was then to the Mississippi River 
by way of lakes Upham I and Aitkin I. Reddish silty clay 
sediments on the western edge of the lakes were incorporated 
into the St. Louis Sublobe to result in reddish brown till 
comprising the Toimi Drumlins. Lenses of light brown, cal­
careous till, diagnostic of the Des Moines Lobe, were in­
cluded in the deposits. 
Retreating, the St. Louis Sublobe and the Superior Lobe 
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formed glacial lakes Upham II and Aitkin II in a slightly modi­
fied position from the original lakes. Radiocarbon dates from 
peat buried in the lacustrine sediments mark the end of the 
Albom-Nickerson phase at 11,710 t 325 and 11,560 t 400 
years B.P. Stagnant ice remained in the lakes for about 
1,000 years as indicated from dates taken from lake sediments 
and pollen which range from 10,220 to 10,800 years B.P. 
(Wright and Watts, 1969). 
Final retreat of the Superior Lobe and St. Louis Sublobe 
marked the end of the Valders phase (Schneider, 1961) and es­
tablished the present course of the Mississippi River which 
extends from the edge of the Kewatin drift in Lake Itasca. 
Outwash was draining into Lake Aitkin II when entrenchment 
of the upper Mississippi River Valley occurred. Lowering of 
base level is indicated by downcutting of the Green Prairie 
terrace to a vertical depth of 20 feet. Deposition then 
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occurred resulting in sedimentation of the Elk River channel. 
Incision was local and rapid due to an abundance of outwash 
(Cooper, 1935). 
Mississippi River terrace systems become increasingly 
complex with greater distance downstream. High terrace de­
posits in Mississippi have been subdivided into plains based 
on surface elevation. Most high terrace depositions occurred 
during Citronelle time at a present elevation of 400 feet. 
The associated Lissie formation occurs at a 50 foot lower 
elevation (Doering, 1958). These are the highest post loess 
8 
alluvial sediments in the Mississippi River valley. Generally 
the highest terrace also represents the earliest (Khangarot, 
Wilding and Hall, 1971). The terrace of greatest elevation is 
characterized as having a high percentage of clay. A "clay-
stone bounder" is noted as capping a terrace deposit by Bicker, 
Dinkins, Williams and McCutcheon (I966). 
Series Development 
Terraces containing Zwingle soils have been mapped as 
other series in previous soil surveys. Loess, terrace, local 
alluvium and residual materials have at various places been 
mapped at the terrace location. Figure 1 outlines one tribu­
tary which has been mapped in the Clinton Co. survey (Steven­
son, Brown, Corson and Howe, I9I8). The gray Zwingle soils are 
mapped as Calhoun silt loam and Wabash silt loam (colluvial 
phase). The adjacent loess mantled terrace is designated as 
Lindley silt loam. Major Zwingle deposits were generally 
designated as Calhoun silt loam. However, one terrace in 
southern Clinton Co. is included with adjacent till soils as 
Carrington silt loam. This deposit is small and difficult 
to delineate from the uplands. 
Further south in Lee Co. the survey was in progress with 
Stevenson (Stevenson, Brown, Sar and Corson, 1918) also in 
charge. Terrace deposits were less predominant than in 
Clinton Co. resulting in their delineation as two loess soils, 
the Lindley loam and Memphis silt loam, and one residual soil. 
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Sec. 18, R7E T82N 
Clinton Co. 
Zwlngle 
0 .0  
0 .0  
MILES 
0.1 0.2 0.3 
0.2 0.4 
KILOMETERS 
Figure 1= Z-vringle terraces in clc: 
mantled benches 
W«à»M V^WA4 Vt^ |#A4 
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Union stony loam. It is evident that these are actually the 
series in which inclusions were made due to the small terrace 
areas. Dubuque Go. mapped several years later (Stevenson et 
al,, 1924) injected the series Davenport clay loam to repre­
sent the terraces. The name held in Clayton Co. as the Daven­
port silty clay loam phase (Stevenson et al., 1930), but the 
terrace soil Bertrand silt loam also represented the terraces. 
Figure 2 includes the Bertrand from section 20 and both Daven­
port silty clay loam to the left and Clinton silt loam (loess 
derived) to the right of section 21. All of the terraces in­
dicated for section 21 are of the same terrace system. 
The Jackson Co. soil survey report injected another 
series name for the terrace, Chariton silt loam (Swenson et 
al., 1941). In other areas the terrace was mapped as inclu­
sions into Clinton silt loam (shallow phase) and Rough Stony 
Land. 
The present series name Zwingle was first established by 
Scholtes with the publication of the Allamakee soil survey 
report (Scholtes et al., 1958). Diagrams of some of the 
terraces mapped and sampled for this study in Allamakee Co. is 
given in Figure 3. 
Scholtes et al. (1958) noted that the Zwingle B2t horizon 
varied from reddish brown and pinkish brown to brownish gray. 
Further investigations resulted in the soils to be separated 
further based on color modifications of the B2t hcrizcn and 
Mollic influences. Additions to the legend have been made to 
Sec. 20, R2W T92N 
Clayton Co. 
Sec. 21, R3W T94N 
Clayton Co. 
MILES 
0.3 0.2  0 .0  
0.4 0 . 2  0 .0  
KILOMETERS 
Figure 2. Delineation of terrace boundaries previously mapped 
as Davenport silty clay loam with Clinton silt loam 
and Bertrand 
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Sec, 21, R4W TIOON 
Allamakee Co. 
Sec. 14, R3W T97N 
Allamakee CO. / 
/ 
/ 4C 
/ 
/ 
/ 0.0  
2A 
Sec. 5, R3W T98N 
Allamakee Co. 
MILES 
0 . 1  0 . 2  
0.2 0.4 
KILOMETERS 
Figure 3» Terraces first mapped as Zwingle including site 
locations fcr scms of the ooré» used in this 
study 
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result in the following soils.^ 
249 Zwingle silt loam, brown subsoil 
9^9 Zwingle variant, gray subsoil 
(5Y 5/2 B horizon) 
950 Zwingle variant (Mollic Albaqualf) 
951 Zwingle variant, well drained 
(>3 chroma B horizon) 
Biosequence 
Terrace soils predominantly express forest derived 
morphologies. However, several of the albaqualfs have mollic 
tendencies in the epipedon due to prairie influences. 
Events associated with forest invasion on prairie soils 
are generally systematic. Initially the upper part of the 
A1 horizon will undergo an increase in pH, base saturation, 
and Ca/Mg ratio (Severson and Ameman, 1973; White and Riecken, 
1955; Geis, Boggess and Alexander, 1970). 
The lower A horizon will decrease in these properties 
associated with organic matter losses (Cain and Riecken, 
1958; Soileau and Riecken, 1959). The B2 horizon will begin 
to show a decrease in pH, and base saturation associated with 
an accumulation of clay. These processes will develop a thin 
A1 horizon, and a platy structure A2. Strong structural peds 
with silans and cutans are characteristic of the forest influ­
ence (Buol, Hole and McCracken, 1973» Hunter, Riecken and 
^Lacy I. Harmon, State Soil Scientist, Des Moines, Iowa. 
Personal communication. October 2-4, 1972. 
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McClelland, 1953; Riecken and Poetsch, I96O; Smith, Allaway 
and Riecken, 1950)* 
Transition soils of southeastern Iowa were used to demon­
strate the more rapid recycling of manganese under forests 
than prairie (Runge and deLeon, i960). Extractable manganese 
is higher in a forested A1 horizon than a prairie Al. Free 
iron is reversed, where the prairie Al horizon has the great­
est accumulation (Simonson, Prill and Riecken, 1957; McComb 
and Riecken, I963). 
Soils developed under.deciduous forests of northeastern 
Iowa were studied to determine podzolization rates using 
Indian mounds as benchmarks (Parsons, Scholtes and Riecken, 
1962). During the first 1000 years the Al horizon achieves 
maximum expression. Increasing age is indicated by a platy 
structure in the A2 horizon. Development continues downward 
until a medial profile is achieved at 2,500 years. 
Clay illuviation and structural development is not evident 
within 1000 years, but prominent at 2,500 years. Subangular 
blocky peds are as strongly expressed, but not as large as 
peds from the B2 horizon of the more strongly developed 
Fayette soil. Cutans of mound soils are discontinuous in the 
B2 horizon, but complete in the B2 and discontinuous in the B3 
of the Fayette. Clay illuviation and base saturation decreases 
have their greatest influence during the first 1000 years. 
Cnê-îhird of the base saturation and two-thirds of the clay 
movement as compared to the Fayette profile had occurred during 
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the initial years. 
Canadian studies have shown a similar pattern, but a more 
rapid pedogenic change under coniferous vegetation (Pettapiece, 
1969; Pettapiece and Zwarich, 1970). Therefore, a more 
strongly developed profile would be expected from coniferous 
forests than deciduous forests in similar environments during 
the same length of time. 
Apostolakis and Douka (1970) found that available soil 
phosphorus differs little among tree species, but is in greater 
quantities than prairie soils. Albaqualfs are more strongly 
developed and have higher accumulations of available phosphorus 
than Aquolls (Smeck and Runge, 1971; Tembhare, 1973). 
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SAMPLING AND METHODS 
Field Sampling 
Literature and field observations suggest that Zwingle 
terraces occur over the entire length of the Mississippi 
River, thus creating a geographically large potential study 
area of greater size than time or finances would allow for 
detailed study. A restricted geographical area was chosen on 
the western side of the Mississippi River between Clinton, 
Iowa and the southern Minnesota border for detailed analysis 
(Figure 4). 
Most of the Zwingle terraces occurring within the study 
area were sampled with at least one core. Those not sampled 
proved to be either inaccessible or occupied. For example, 
the town of Sageville, Iowa in Dubuque County, is built almost 
entirely on a set of Zwingle terraces making it difficult to 
obtain representative and undisturbed profiles. 
Several terraces were sampled in great detail. One 
located in northern Clinton Co. (at Elk River Junction) was 
transected by a series of 9 cores approximately 100 feet apart 
(Figure 5)» The transect is drawn in a north-south direction, 
parallel to the Mississippi River, extending up the tributary. 
Another set of terraces in a tributary of southern Jackson 
Co. is crossed by two transects. One of 6 cores extending in 
an approximate east-Wêat uirection into the tributary and 
another of 4 cores, including the second of the first transect, 
Figui'e 4. Distribution of major Zwingle terraces along the Iowa side of the 
Mississippi River; dots indicate relative position of cores within 
each terrace 
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going a northerly direction into the uplands (Figure ?)• 
Distribution of cores along the Mississippi River can 
be roughly divided into two groups, north of Dubuque Co. and 
those to the south. Channel width between bedrock highs con­
tinue to decrease with distance south until a minimum is 
reached in Dubuque Co. Widening again occurs farther south, 
increasing the opportunity of eddy formations and slack water 
clay depositions. 
Measurement of a southern end member was possible with 
the sampling of three terraces at the junction of the Skunk 
and Mississippi Rivers in northern Lee Co. This is an extended 
portion of the study to determine if pedogenie and sedimenta­
tion models created in this work were strictly local or may 
have some implication of a broader range. 
Sampling was done primarily with a Giddings Hydraulic 
coring unit, using a 2-inch tube. Several samples were taken 
with a Belgium auger and their descriptions interpreted from 
a hand probe core. Each profile was cored to a depth of at 
least 5^ inches. Most profiles were drilled to a sufficient 
depth to include the silts below approximately 8 feet of slack 
water sediments. Occasionally coring was done at greater 
depths to include sand deposits wedged within the silts. 
Samples were divided from each core beginning at the sur­
face and continuing in 6-inch increments until 9 had been re­
moved within the first 5^ inches. Slight biaa was. . incorpo­
rated into solum sampling by excluding those obvious small 
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portions not representing the major horizon being sampled. For 
example, if the B21t horizon began at 11 inches the "6-12" 
inch subsample would actually only contain the 6-11 inch 
material. Error due to horizon mixing is believed to be re­
duced by this method and, as a result, more representative 
profiles were attained. Complete profiles were found at 
every site due to Zwingle's resistance to erosion (high clay 
content) and landscape position (level terrace), facilitating 
sampling at specific intervals from the surface. An addi­
tional subsample was removed from somewhat lower and varying 
depths. 
Morphological descriptions of observable features were 
written for each core using the form prescribed by the Soil 
Survey Staff (1952). Several descriptions noted for their 
dynamics and representation are included in Appendix A. 
Samples removed for future laboratory analysis were 
placed in moisture proof sample bags and labeled accordingly. 
Laboratory Analysis 
All samples collected in the field underwent similar 
treatment before any analytical work was done. Each sample 
was brought to a constant air dry state by warming in open 
bags located in an oven set at Drying took place for a 
period of 24 to 72 hours, depending on the moisture content of 
the initial sample. Ones dry, each sample was ground in a 
mechanical grinder until all particles would pass a 2 mm sieve, 
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then stored for future laboratory determinations. 
Particle size analysis 
Percentages of various soil separates were determined by 
the pipette method (Day, I965). Twenty grams of air dry soil 
were placed in baby bottles. To it was added 100 ml water and 
10 ml HgOg. Occasionally 20 ml HgOg was used for those samples 
containing high amounts of organic matter. Hot plates were 
used to heat the solution to a slow boil which continued until 
all evidence of HgOg was removed. The solution was cooled and 
20 ml of approximately 4^ Calgon, calibrated to the pipette, 
was added before corking to prepare the sample for shaking. 
Shaking for 8 to 10 hours in Calgon dispersed the sample suffi­
ciently for size analysis. Dispersion using ultrasonic vibra­
tion is also successful (Edwards and Bremner, 196?; Bourget, 
1968; Emerson, 1971; Genrich and Bremner, 1972a, b). 
Shaken samples were transferred to 1000 ml cylinders, 
brought to volume, and stirred for one minute. Pipetting was 
done at the calculated time and depth for the separate being 
measured. The extractions were placed in tarred 50 ml beakers. 
The 25 ml pipette used was calibrated to fill in 12 seconds at 
5.5 lbs pressure. A stopcock attached to the pipette was con­
nected to the pressure hose and drainage funnel at the top. 
Actual pipette volume was calibrated to 4 places by obtaining 
the mean weight of several extracts of distilled water. 
Pipetted samples in beakers were dried in a forced air 
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oven set at 105°G then placed in desiccators to cool. An 
aliquot was removed for centrifugation of fine clays (Tanner 
and Jackson, 19^7). Gross weights were determined to 4 places 
on an Ainsworth balance. Percentages within each separate 
class were then calculated with the difference from 100 percent 
considered as the coarse silt fraction. 
Sand was determined by sieving the remaining material in 
the 1000 ml cylinders through a 6l mm sieve. Remaining sands 
were funneled into beakers and dried with the other fractions. 
Fragmentation of nonmineral coarse fractions occurred with 
grinding (Walker and Hutka, 1973). 
Separate class ranges were determined by two methods. 
First, a complete Wentworth scale (Wentworth, 1922) within the 
silt range and three fractions of clay were determined on 57 
samples selected of the most representative Zwingles cored. 
Secondly, a modified scale was used on most of the remaining 
samples. Three clay fractions, very fine silt, sand, and 
coarse silts taken by difference comprised the textural analy­
sis. Finer fractions were emphasized as a result of the 
clayey nature of slack water sediments occupying the terrace 
system. Clays were considered more indicative of systems re­
lated to Zwingle. 
Extractable cations 
Several extraction procedures were used to obtain values 
for extractable cations. One procedure outlined by Perkin-
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Elmer Corp. (1968) yielded extractable iron and manganese. 
This method was evaluated against the standard procedures used 
by the Soil Survey Staff (I967). 
Extractable cations were obtained by weighing 5*00 ê 
of air dried soil and adding 20 ml of extraction solution. The 
solution is prepared by mixing 25 ml of 1 N HgSO^ and 50 ml 
of 1 N HCl and diluting to one liter with deionized water. 
The soil solution is shaken for I5 minutes and filtered into a 
50 ml volumetric flask, then diluted to volume. 
Iron and manganese can be determined directly with an 
atomic absorption spectrophotometer. 
Standards were rerun every 10 samples to trace drift. 
Readings were converted to absorbence from percent absorption 
using the conversion tables. Standard ppm were plotted against 
their corresponding absorption. Sample concentrations were 
then determined from the appropriate curve. 
Free iron and manganese 
Sodium citrate extraction of free iron and manganese is 
slightly modified from the standard procedure (Soil Survey 
Staff, 1967) to be adaptable to atomic absorption (Huddleston, 
1969). It has undergone moderate revision and is commonly used 
for iron (Coffin, 1963; Holmgren, 196?; Hsu, I967; Mehra and 
Jackson, i960). 
Add 20 g sodium citrate, 2 g NagSgO^, and 100 ml distilled 
water to 4.00 g soil and shake for 12 hours. Adjust to 200 ml 
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volume with distilled water and add 10 drops of 0.2# superfloc. 
Shake suspension for approximately 15 seconds and allow floccu­
lated soil to settle for 0.5 hours. 
Subsample a 4.0 ml aliquot of the supernatant solution 
for.free iron and dilute to 100 ml with distilled water. 
Free manganese is sub sampled with a 25 ml aliquot and diluted 
to 100 ml. Mix dilutions and store in 2 oz plastic bottles. 
Concentrations of sub sample s are determined by atomic 
absorption spectrophotometry with appropriate standards. Make 
proper conversions to absorbence, plot standards, and determine 
ppm from appropriate curve. Percent free iron and manganese 
are calculated from the following equationsi 
ppm Fe X 0.125 = % free Fe 
ppm Mn X 0.02 = free Mn 
Exchangeable calcium and magnesium 
Extraction of these cations is by a method outlined by 
the Soil Survey Staff (I967). An NH^^OAc extraction solution 
used here is prepared by mixing 57 ml acetic acid with 68 ml 
ammonium hydroxide per liter and adjusting to a pH 7.0 with 
small ,iits of the acid or base. 
Add 50 ml NHji^OAc extraction solution to 10 g soil in a 
250 ml Erlenmeyer flask, shake for 5 minutes and allow to 
stabilize for 8 hours. Filter with a Buchner funnel under 
light suction and leach with I50 ml NH^^OAc in 50 ml aliquots. 
Store leachate in 2 oz plastic bottles. Determine concentra-
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tions of calcium and magnesium using atomic absorption. 
Standard curves and conversions to absorbence must also be 
made. 
Reaction 
Soil pH was determined by two methods. For the first, 
20 g soil was placed into a 250 ml beaker with 40 ml distilled 
water and stirred every 10 minutes for 0.5 hours. Hydrogen ion 
concentrations were measured with a Beckman digital pH-ion 
meter calibrated with standards of pH 4.0 and 7.0. 
A second method used involved placing 10 g soil in a 
250 ml beaker with 20 ml 0.01 M CaClg solution. Stirring 
was done every hour for 6 hours. Reaction was again determined 
with a calibrated Beckman pH-ion meter. 
Shear strength 
Resistance to shear was measured on fresh cores in 6 inch 
increments beginning at the surface. Each core location was 
cut and smoothed to expose an even surface to which the vanes 
of the Torvane vane shear device were imbedded. Upon complete 
insertion of all vanes the device was slowly turned to in­
crease internal pressure. When shear occurred the device was 
read in tons per square foot (TSF). A high capacity vane 
adapter (0-2.5 TSF) was used for all measurements. 
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X-ray mineralogy 
MineralogLcal identification was performed by X-ray 
diffraction. Each of 24 samples were analyzed by 4 traces, 
two in the moist condition and two treated with 10?^ glycerol. 
One of each for total minerals present and one of each for 
only less than 1 u clay. Separation of clay is necessary to 
isolate influences from pedogenic transfers and infer lithology 
of the terrace systems. 
Samples were mounted on porcelain plates by suction of 
suspension solutions to provide preferred orientation of clays. 
Mounted plates were then installed on a diffractometer and sub­
jected to X-ray from a copper tube. Angles from 2 to 30 
degrees at a rate of 2 degrees per minute were traced. Re­
moving the sample and treating with glycerol through suction 
to expand lattice clays, it was returned and submitted to 
another X-ray analysis (Whittig, 1965)* 
Peaks were then identified using 2 0 angles and minerals 
present listed. Modifications of montmorillonite peaks 
occurred in <1 u samples due to sodium saturation of the dis­
persion processes. 
Total carbon 
Organic carbon and carbonates were determined using the 
Leco automatic 70-second carbon analyzer. Samples from sev­
eral cores were weighed to approximately 0.250 g and placed in 
a crucible shaped boat. Iron, tin and copper chip accelerators 
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were used to cover the soil. 
Leco calibration is accomplished by rings of standard 
carbon covered by tin and copper accelerator. Calibration 
is necessary for every 10 samples as well as cleaning the 
combustion tube and filter then replacing moisture tube 
hydride. 
Percent carbon is calculated by dividing reading by 
weight of sample. Those sangles from surface horizons are 
representing primarily organic carbon and those below the 
solum are carbonates (Bremner and Tabatabai, 1971; Tabatabai 
and Bremner, 1970). 
Exchange acidity 
Extractable acidity was done with the BaClg-triethonol-
amine I method outlined by the Soil Survey Staff (I967). Four 
samples were analyzed by this method to give relative amounts 
within the Zwingle. 
Radiocarbon dating and thin sections 
A sample of organic carbon was submitted to Isotopes, Inc. 
for carbon 14 dating. It was taken from reeds buried in silts 
between two alluvial deposits. 
Several core sections were submitted to Western Petro­
graphies, Tucson, Arizona for thin sectioning perpendicular 
to the axis of the core. Impregnation was necessary prior to 
slicing an(i nnl i eKi no-
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Available -phosphorus 
A 1.5 g sample was placed in a plastic centrifuge tube 
with 3 ml distilled water and 12 ml Bray No. 1 solution. It 
was stoppered and shaken for 5 minutes. Filter paper mounted 
with approximately 1 g carbon decolorizing agent was used to 
filter the soil suspension into test tubes. To the filtrate 
was added 0.5 ml saturated NH^Mo and O.5 ml reducing agent. 
Each sample and standards was analyzed on a Spectronic 20 
set at a wavelength of 66O. 
Curves were created from standards and used to calculate 
ppm available phosphorus (Russel, Frederick and Murphy, I965). 
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IMPLICATIONS FOR CLASSIFICATION 
Nonhomogeneity was noted among the pedons occupying the 
Zwingle terrace system. Variations were found to occur pri­
marily in texture, color, depth to clay maximum, thickness of 
alluvial deposits, observable horizons, and distribution of 
several elements. Each soil series is permitted a certain 
degree of variation, although its limits are contained within 
a range for several parameters. Morphological inconsistencies 
of the Zwingle series are considered here in relationship to 
series requirements established by the Soil Survey Staff 
(i960, 1970). 
Soils found on fine textured terraces along the Missis­
sippi River in the Iowa-Illinois area have been classified 
into several competing series. Other soils of the same or 
similar terrace systems in northern Minnesota or south of mid-
Missouri do not have series as closely competing. Pedogenesis 
in these soils is dependent upon differing climates, vegeta­
tion, and sediment textures. An inclusive evaluation of all 
parameters within the entire Mississippi system is beyond the 
scope of this study. 
Morphological summaries of Zwingle competing series are 
given as follows: 
Coyne 1 Typic Argiudoll; coarse-loamy, mixed, mesic 
family. Dark grayish brown sandy loam A horizon 
0-23 inches. B1 horizon is a dark grayish brown 
Randv T rtatn in/^Vioe T î /->al 1 ir «Trovl-«rn ncr o 
reddish brown silty clay loam lIB2t at kZ-^2 
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inches. This is reddish loamy lacustrine deposits 
believed to be originating from hematite rocks in 
the lake Superior region. Brown sand and gravel, 
IIIC, is buried beneath the sediment at 55 inches. 
Joslini Typic Argiudoll; fine-loamy, mixed, mesic family. 
Black Ap to 8 inches over a mixed very dark gray to 
black silt loam A12. The B1 horizon has mixed 
colors, predominantly brown, and a weak structure 
in silt loam from 14- to 18 inches. The B2t hori­
zons include the 14 to 48 inch depths, breaking 
into 3 horizons at approximately 10 inch intervals. 
Colors within the B2 change from brown to yellowish 
brown with depth. Structure is weak to moderate 
in silt loam. Reddish brown silty clay is wedged 
between the silt loams at 48 to 60 inches, repre­
sented as a IIB3t horizon. Below is a IIIC grayish 
brown silt loam. The silty clay is also considered 
to have originated from hematite rich rocks. 
Trempealeau; Typic Argiudoll; fine-loamy over sandy or 
sandy skeletal, mixed, mesic family. Loamy reddish 
brown Al, dark reddish brown loam B2 at 11 to 20 
inches and reddish brown sandy loam over yellowish 
red sand at 26 inches. Located on low benches and 
high bottomlands. 
Denrocki Aquic Argiudoll; fine, mixed, mesic family. 
Very dark brown silt loam Al horizon to 13 inches. 
The IIBl horizon is dark reddish brown silty cl^ 
loam overlying a IIB2t horizon which is a red silty 
clay with strong angular blocky structure. A dark 
grayish brown changing to dark brown clay loam ex­
tends from 25 to 50 inches where it overlies red­
dish brown sand. The A horizon is silty alluvium 
or loess over lacustrine clays on sand. Generally 
found on terraces and floodplains. 
Niota: Mollic Albaqualf; fine, mixed, mesic family. 
Black silt loam Al horizon to 7 inches with a gray­
ish brown silt loam A2 to 14 inches. A reddish 
brown silty clay is deposited from 14 to 24 inches 
containing the IIB21t horizon. Gray to light 
gray silty clay loam beneath gives a IIIB22tg 
horizon. The IIIB3 and IIIC horizons are light 
gray silt loams beginning at 37 inches. 
Located on flat alluvial terraces where 20 
inches of silty alluvium or loess is overlying 
lacustrinc clays and stratified Outwasii. Landscape 
distribution includes the Mississippi at the border­
ing edges of Iowa and the adjacent states. 
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The Zwingle is a fine, montmorillonitic, mesic family 
of Typic Albaqualfs and differs with several respects from the 
preceding soils. Coyne soils have sandier upper B1 and A 
horizons and a lower clay content in the B2. Trempealeau soils 
have a lithologie discontinuity of sand at 20 to 40 inches in 
depth. Both are coarser textured than Zwingle. The Joslin 
Niota, and Denrock are morphologically very similar. 
Denrock soil is the prairie equivalent to the forested 
Zwingle. Although the influence of prairie grass is prevalent 
within the Denrock, primarily in the thick, dark A1 horizon, 
many forest profile features can be detected. 
Denrock soils express strong characteristics of foresta-
tion. The IIB2t horizon is pronounced by strong angular blocky 
structure containing silans and cutans. It is strongly acid 
with bright colors of high value and chroma. Generally prairie 
soil B2 horizons are of moderate subangular blocky structure 
with some evidence of organs. Rarely does the reaction become 
less than moderately acid. The IIB2t horizon is one of forest 
influence, whereas the upper horizons are not. Silty loam 
materials above the B2 clays may owe their colors to mode of 
origin or a prairie influence. Pseudomorphous conditions could 
have been the result of organic rich sediments deposited in the 
surface horizon position, common in alluvial environments. 
Genetic darkening of a once pre-existing A2 horizon may have 
also ûCCUi'-ïêd under a short period of prairie influence. With­
out studying the Denrock in detail it is difficult to determine 
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its true genesis, although the most reasonable deductions 
have been made. 
Joslin soils are very similar to Denrock although they 
lack the reddish hues in the B2 horizon and are primarily 
silt loams. Reddish brown silty clay sediments occupy the 
lower 12 inches of Joslin, whereas 37 inches of clay loam com­
prises most of the Denrock solum. Thicker accumulations of 
alluvial clays were deposited over sands in Denrock sites 
and therefore modify drainage as indicated by the Aquic 
great group. 
Niota soils approach the closest similarity to Zwingle. 
The primary difference lies in the secondary lithologie 
material of the B2 horizon classified for Niota and not in 
Zwingle. Textural similarities are present, silt loam to 
14- inches, silty clay to about 4-0 inches, and silty clay loam 
below. Actual interpretation of morphology as planosolic 
or pseudomorphic involves detailed mineralogical analysis. 
Pedogenic origins of Zwingle clays are evident from mineralogi­
cal identification and thin sections. 
Soils formerly considered gray "Zwingles" are possibly 
Niota. If the epipedon has Mollic tendencies expressed as 
black A1 horizons and grayish brown A2's, the soil is Niota. 
Other gray "Zwingles" are Typic to Albic with grayish brown 
A1 and light brownish gray A2 horizons. These not having the 
Mollic properties of Nicta cr red colors of Zvringle may ba 
best classified as separate series (Soil Survey Staff, 
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I960). Some profiles lack the black A1 but darken into the 
A12 and should be classified as a phase of Niota. 
Brown to yellowish brown soils also occupy the terrace 
system. Brown soils can be divided into two groups, those 
with Mollic characteristics in the epipedon and those which 
are Typic to Albic. Mollic brown soils have black surfaces 
grading into dark grayish brown AI3 horizons and have been 
found to grade into the B2 with either an A2 or B1 horizon. 
Surface organic enrichments vary in depth from 14 to 24 inches. 
Brown soils having Albic characteristics display distinct A2 
horizon development. Colors of the A2 vary from yellowish 
brown to light yellowish brown associated with a brown A1 
horizon. Brown soils containing a mollic epipedon are Joslin, 
those that do not are probably Typic Albaqualfs. 
Soils of the terrace system are predominantly reddish in 
the B3 horizon regardless of the color of the B2. Perhaps 
this is reflecting the original parent material color which is 
believed to be red. Pedogenesis of the upper solum resulted 
in characteristic colors reflecting micro variations in site 
environments. Gray colors represent perennially wet, poorly 
drained sites. Red soils are well oxidized and better aerated 
due to strong structural development and well drained sub­
surface materials (Simonson and Boersma, 1972). Brown soils 
are reflecting a position midway in the continuum between red 
^ ^ ^ * » 
Ca.^  e 
Solum colors are not systematic, nor can they be related 
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to positions along the channel with distance south. Site 1 
of northern Allamakee County is a gray Albaqualf, ten miles 
south to the next terrace is a red Albaqualf. Red terraces 
occur farther south in both ends of Clayton County, but are 
separated by a brown terrace soil. Each of the three types 
of soils can be found in both Jackson and Clinton counties. 
No systematic terrace type is associated with sedimentation 
environments with distance down channel. 
Soils can, but do not necessarily, change within terrace 
individuals. The terrace north of Believue (sites 11 and 12) 
changes from gray, close to the channel, to brown, further 
inland. Terraces north of Sabula (sites 15 to 23) are pri­
marily red although core 20 is brown. Skunk River terraces of 
Lee County grade from brown to gray and back to brown with 
distance away from the Mississippi. Other terraces at Elk 
River Junction and Lansing, Iowa maintain red colors throughout. 
Profiles sampled in this study were grouped into taxonomic 
units based on color of the B2 horizon and epipedon properties 
(Table 1). Competitive series of Zwingle are represented with 
Denrock and Joslin. Mollic gray soils, Niota, were not found 
among the terraces studied, whereas Typic Albaqualfs with 
higher chromas and values were included. 
Gores designated as red albaqualfs in Table 1 are not all 
classified within the Zwingle series. Zwingles are those soils 
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Table 1. Profiles grouped into taxonomic units 
Gray Brown Red 
Albaqualf Argiudoll Albaqualf Argiudoll Albaqualf Argiudoll 
Joslin Zwingle Denrock 
5 
1 13 6 43A 2A-4 37c 
llA 34B 7A 10 
38A 12B 
14 
#B 2 OF 15A-18D 
45c 2IG-231 
24A-321 
28E 
33A 
with greater clay percentages would be grouped into a yet 
undefined series. 
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SOLUM MODELS 
Soils are three dimensional bodies with logical inter­
relationships. Our goal, then, is to understand the pédologie 
and sedimentation systems which combined to form the terrace's 
present morphology. Soils are so dynamic that it is not 
possible to separate all integrating processes which create 
them. Howeverc mathematical models have evolved to explain 
some of the major morphological expressions found in the 
terrace systems. 
Modeling was accomplished by several approaches. First, 
two dimensional linear regressions were equated for each 6 
inch increment beginning at the surface. Independent variables 
of distance south (DS), distance down channel (DC) and dis­
tance up tributaries (DT) (Table 2), were regressed against 
chemical and physical variables. Secondly, terrace growth 
was reconstructed from trends in similar textures. Third, 
computer drawn plots including distance, depth, and accumula­
tion were constructed to graphically illustrate internal 
morphology of individual terraces and to illustrate the entire 
terrace system studied. 
Soil-Landscape Systems 
Regression analysis has proven to be a useful tool in 
defining landscape and soil relationships on loess provinces. 
Ruhe (1969) found that loess deposits in southern Iowa follow 
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Table 2. Geographic relationship of site to Mississippi 
River and northern Iowa border 
Distance (miles) Distance (miles) 
Down From Down From 
Site South channel channel Site South channel channe 
1 2.5 2.7 2.2 24a 103.2 135.8 1.8 
2a 11.2 12.9 1.1 25b 103.2 135.8 1.7 
3b 11.6 13.3 1.4 26c 103.3 135.9 1.6 
4c 11.9 13.6 1.5 27d 103.3 135.9 1.5 
5 19.5 25.4 0.6 28e 103.4 140.0 1.4 
6 38.1 43.4 1.2 29f 103.5 140.1 1.3 
7a 46.0 52.2 0.9 30g 103.6 140.2 1.2 
8b 45.5 51.6 1.7 31h 103.7 140.3 1.1 
9c 45.3 51.4 2.1 32i 103.8 140.4 1.0 
10 50.2 57.0 0.5 33a 110.0 146.6 1.1 
11a 82.7 108.9 1.0 34b 110.0 146.6 1.2 
12b 83.1 109.2 1.7 35a 118.5 157.6 1.2 
13 90.5 116.0 2.3 36b 120.1 160.6 0.9 
14 94.6 119.5 3.0 37c 120.2 160.7 1.0 
15a 95.1 127.5 0.5 38d 120.6 160.6 2.0 
l6b 95.1 127.5 0.6 39e 120.2 160.6 3.0 
17c 95.1 127.5 0.6 40f 120.5 160.6 3.6 
18d 95.1 127.5 0.6 4lg 120.6 160.7 3.6 
19e 95.0 127.5 0.6 42h 120.7 160.7 3.6 
2 Of 95.2 127.6 0.7 43a 293.9 268.8 5.0 
21g 95.5 127.7 0.8 44b 294.0 268.9 6.5 
22h 95.6 127.8 1.0 45c 294.0 269.0 8.6 
23i 95.9 127.9 1.3 
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many continua which can be mathematically expressed. Soil-
landscape systems were fitted into expressions quantifying the 
relationships. Hillslope models were found adequate to de­
scribe pedisediment depositions. 
Internal two dimensional distributions of clays, oxides 
and cations to distance from summits were quantified by 
stepwise regression (Kleiss, I969). Huddleston (I969) used 
uni-valued multiple regression models to obtain high correla­
tions with soil parameters. Low correlations were obtained 
from polynomial trend equations and are deemed inadequate 
for pedogenic purposes (Walker, Hall, and Protz, I968). Allen 
(1971) found interrelationships between soil parameters were 
similar for several separate criterion by using stepwise linear 
regressions. Vreeken (1972) noted that many soil parameters 
were linearly related to clay-depth function which could be 
mathematically modeled. 
Miller (1971) made extensive use of regression analysis 
to express hydrological trends which ultimately led to material 
source identification. Luce (1973) in turn used soil and 
vegetation data to interpret internal hydrology with correla­
tion coefficients, standard error, and regression analysis. 
Soil cores proven to be from the proper terrace type were 
chosen and ordered. Sequencing was in two directions, one 
with distance away from the main Mississippi channel for those 
tributaries sampled with more than one onre. the other ™ith 
distance down channel beginning at the Minnesota border. 
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Terraces having more than one core were represented by the 
core removed closest to the channel. The northernmost Clinton 
County tributary is from a middle core from the traverse; this 
is the only one in the tributary including a depth of 60 
inches. 
Regression equations from Table 3 include only the north-
south traverse to Clinton Co. which is represented by cores 
1, 2, 5, 6. 7, 10, 11, 13, 14, 15, 28, 33, and 38. Table 4 
incorporates the same traverse, but includes the southernmost 
core 44 from Lee Co. 
Each laboratory analysis measurement was first plotted as 
distance vs amount for every 6 inch increment beginning at the 
surface. 
Multiple regression equations were created for the most 
significant parameters which uniformly changed with distance 
south (Table 4). Coarse clay (CC) and very fine silts (VPS) 
predominated the first foot as well as reaction (pH). The 
sand fraction of the upper B2t horizon is controlled by both 
distance down channel (DC) and distance up the tributary (DT). 
Fine clay percentages of the parent material are increasing 
with distante down channel. 
Two regressions were fitted for the same depth for 
several parameters. One was distance south (DS) calculated 
on a strictly vertical scale. The other included distances 
along the Mississippi River channel. Generally, those regres­
sions including Lee County had higher coefficient of determina-
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Table 3. Regressions of several parameters within the ter­
race system between Allamakee and Clinton County 
Depth Equation'* Std. dev. 
6-12 PH = 4.785 + 0.010 DS* 0.27 0.651 
12-18 PH = 4.194 +0.018 DS*« 0.70 0.584 
12-18 CC = 7.091 + 0.034 DS** 0.42 1.677 
12-18 CC = 7.080 + 0.026 DC** 0.45 1.640 
12-18 MC = 17.217 + 0.096 DS** 0.38 5.160 
12-18 MC = 17.242 + 0.074 DC** 0.42 4.978 
18-24 pH = 3.225 + 0.022 DS + 0.524 DT** 0.74 0.665 
18-24 pH = 3.297 + 0.016 DC + 0.538 DT** 0.73 0.674 
24-30 pH = 4.482 + 0.019 DS** 0.62 0.643 
30-36 pH = 5.091 + 0.017 DS** 0.60 0.585 
30-36 TC - 41.582 + 0.090 DG+ 0.22 9.740 
36-42 TS = 60.368 - 0.174 DS** 0.39 10.306 
36-42 TS = 59.756 - 0.144 Dp** 0.39 10.251 
36-42 TC = 36.295 + O.I83 DS* 0.28 12.279 
42-48 TS = 58.257 - 0.206 DS** 0.46 9.333 
42-48 TS = 57.806 - 0.155 DC** 0.49 9.139 
42-48 TC = 34.977 + 0.243 DS** 0.45 11.383 
42-48 TC = 35.876 + 0.178 DC** 0.45 11.386 
^evel of significance: ** = 1^, * = 5^2, + = 10^. 
tion (R ) and lower standard deviations when fitted against 
southern distance than those using channel length. The 
traverse including only those cores to Clinton County were 
more significantly correlated to channel length since more 
parameters from the longer traverse were related to distance 
south. Writing regression equations to fit the entire 
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'I-. leant regreonlon equations for various 
parameters alonf;; the Mississippi Kiver between 
Allamakee and Lee County 
Depth Equation^ otd.dev. 
0-6 VFS = 13.108 - 0.037 DS** 0.49 2.826 
6-12 VFS = 11.445 - 0.032 Do** 0.39 2.969 
6-12 VFS = 12.259 - 0.035 DC** 0.47 2.767 
6-12 CC = 12.000 - 0.058 DS + O.956DT** 0.73 2.059 
6-12 CC = 13.011 - 0.042 DC** 0.69 2.103 
6-12 pH = 4.808 + 0.007 DC** 0.41 O.63I 
12-18 Sand = -1.546 + 0.021 DC + 1-357 DT** 0.81 1.808 
12-18 Sand = -1.628 + 0.012 DC + 1.764 DT** O.78 I.966 
42-48 FC = 11.554 + 0.051 DS** 0.46 4.167 
42-48 FC = 10.825 + 0.050 DC** 0.44 4.232 
^Level of significance» ** = IjS, * = 57%. 
Mississippi River system is less meaningful than considering 
it in segments of approximately 100 miles, depending on 
channel characteristics. 
The river channel between Allamakee and Clinton Co. is 
fluctuating; in width between bedrock highs. Dubuque County 
is adjacent to the center segment of this transect where the 
channel tends to narrow. Along this 40 mile stretch only one 
Zwingle terrace can be found at Sageville. At wider points 
terraces become more abundant and occupy a higher percentage 
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of tributaries. Beginning in southern Clinton Co., the 
Mississippi River channel widens (Table 12). Terrace develop­
ment in this area constituted a different degree of weather­
ing, thereby resulting in fewer models which fit both wide 
and narrow channels. Possibly many models could be created 
for wide channels and would merit further research. 
Channel width may have a significant influence on terrace 
development on a smaller scale. Fractions of total clay, fine 
clay, and clay/silt ratio is distributed in dual patterns on 
opposite ends of Dubuque County, particularly in the surface 
horizons. Reaction is closely related to channel width 
regimes. This relation is probably due to the fact that wider 
channels produce larger terraces which are less affected by 
adjacent calcareous loess covered uplands with carbonate 
charged ground waters. Individual terrace distributions in­
dicate more acid soils farther away from the uplands. 
The major traverse to Clinton County includes a signifi­
cant relationship between distance and pll throughout the upper 
36 inches (Table 3)» Plotted observations also include depth 
to 48 inches, but they are not highly significant. Coarse and 
medium clays are increasing with distance in the upper B2t 
horizon. Below 30 inches total clay is increasing and total 
silt is decreasing with distance. Parent material becomes 
finer with distance down channel. Particles carried down 
river settle out according to Stokes Law wit-b coarse clays 
and silts first (Thompson and Troeh, 1973)• thus resulting in 
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depositions becoming finer with increasing distance down 
channel (Krumbein and Sloss, I963). 
Models could not be written for sand in many cases. 
Thiu is because coarse fractions are in many cases inaccurate 
and misrepresentative of the terrace system. The sand size 
fractions primarily consisted of finely chipped mussel shells, 
bits of undecomposed wood, pottery fragments, and concretions. 
Ultrafine aggregates also present were the result of insuffi­
cient chemical and physical dispersion in the laboratory 
analysis which would normally be adequate for most soils. 
Since coarse silt percentages were taken by difference from 
the other measured fractions, they are then represented by a 
somewhat lower figure than their actual value. 
Individual terraces are also reflecting distance deposi­
tion trends (Tables 3 and 4). Allen (1970) found that with 
increasing distance from the channel edge, floodplain deposi­
tion rates decrease as well as the mean size of deposited 
sediment. Most of the material deposited is that which is 
held in suspension. 
Terrace Development 
Graphs were constructed of textural distributions of the 
two tributaries trarvsectod in detail. Each 6 inch depth was 
plotted on a linear scale against each fraction size. Trends 
in points were drawn and similar grnups of delinçp.ted; 
Dissimilar groups were assigned numerical values designating 
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approximate sequences of deposition. Sequences were assigned 
usin& principles of stratigraphy. 
Relative site positions in the Elk River Junction tribu­
tary transect is outlined in j'igure 5» A stratigraphie model 
of ity approximate growth sequence (Figure 6) indicates that 
accumulations began close to the channel and worked back up 
the tributary in a stepwise manner. Sequences of erosion and 
deposition can be followed. Above 24 inches distortion due 
to pedogenesis is prevalent. Alterations in internal drainage, 
and ultimately illuviation, can be controlled by proximity of 
uplands. Erosion of silts onto the ancient floodplain during 
periods of intermittent sedimentation may also have sedimenta­
tion patterns. 
Terrace growth follows a reverse pattern in the Union 
terrace traverse (Figure 8). The transect, as outlined in 
Figure 7, occupies a larger portion of the tributary allowing 
a transect of over twice the length of the Clinton Co. terrace. 
This terrace is represented by a series of slack water deposi­
tions in upper limits of the tributary. Upland loess can be 
traced beneath the clay sediments near site 23I. Nearly 4 
feet of silt derived from upland loess has been deposited on 
the surface edge of the sediments. However, most of the slack 
water sediments are of approximately uniform thickness, indi­
cating that underlying deposits were either a loess mantled 
bench, terrace positions, or a post loess silty floodplain 
prior to slack water deposition. 
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The most stable section of the ancient floodplain was 
0.7 to 1.1 miles from the present Mississippi River channel. 
Closer sections appear to have been eroded with either younger 
materials, filled in later, or the result of turbulence in 
those positions during deposition. 
Material in the Union terrace appears to be distinct 
enough to remain as recognizable individual units. Pedogene­
sis has been in progress for a sufficient length of time to 
outweigh the characteristics of the original material for these 
sediments. 
General clay trends 
Terrace clay characteristics are graphed in Figure 9- For 
each profile the actual amounts of clay are positioned on the 
scale. Clay maximum is that point where solum clay concentra­
tion reaches its highest position. Parent material clay is 
the point where texture stabilizes below the solum, generally 
deeper than 42 inches. Clay increase is that amount of clay 
which is found as a small clay bulge within the parent materi­
al. Most of the profiles sampled exhibited this micro clay 
accumulation. This accentuated clay increase can be attributed 
to either a finer textured sedimentation during terrace growth 
or stability and profile development during terrace growth. 
Clay maximums are more frequent above 81 percent and 
gradually decrease in abundance at lower percentages. Clay 
increases are most strongly expressed at 60 and 75 percent 
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indicating alteration in the system. Frequency of repre­
sentative profiles increases as percent clay in the parent 
material increases. Total clay distributions are similar. 
Greater amounts of clay available for movement will morpho­
logically contribute to clay maximums of high percentages. 
Fine textured soils have enhanced clay movement which can be 
mathematically expressed in homogeneous parent materials as 
indicated from thin sections (Grossman and Fehrenbacher, 1972; 
Van Wambeke, 1972; Miedema and Slager, 1972). 
Each group separated in Figure 9, as indicated by dashed 
lines, is plotted against distance south (Figure 10) and 
against distance away from channel (Figure 11). A distribu­
tion of depth to clay maximum is also included in both figures. 
Only those profiles defined previously as the north-south 
traverse were included in the distance south graphs. 
Distributions within all tributaries remained random for 
most factors. However, clay maximums are predominantly deeper 
between 1.0 and 1.2 miles and 5 miles from channel. Clay 
maximums are greater than 82 percent in other parts of the 
terrace. Parent material clays are either coarser or finer 
than the 55 to 65 percent range. 
The north-south traverse expresses different trends. 
Clay maximums occur between 18 and 24 inches until 90 to 110 
miles where they become both shallower and deeper. The 
ûiaxiiTiUm percentage of clâ.y texids to increase with distance 
south, as well as with the parent material clay and with 
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subsolum clay bulges. This reflects depositional regimes of 
finer clays held in suspension to greater distances. As 
suspended sediment size decreases slack water particle sizes 
available for deposition also decrease. 
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SOLUM TRAVERSE PATTERNS 
Graphs were constructed on an x, y and z axis to repre­
sent changes in soil morphological parameters with distance 
on depth. All graphs are plotted with the x axis representing 
depth, y equaling distance and z the relative amount of the 
parameter used as a height above the x-y plane. 
Plotting was done with the THREED Plotting System used 
in Fortran G with Cal Gomp plotting subroutines. Actual plots 
were drawn by the Gal Gomp incremental plotter. 
Plots included in the text were first drawn in two ways, 
one where distance and depth increased away from the viewer, 
the other where they increased toward the viewer. A value 
judgment was placed on the plots to determine which graphical 
view best represented significant relationships. As a result, 
both types of plots are included so care must be taken to read 
the axis label prior to evaluating the figure. 
Various types of laboratory analyses on different groups 
of soil profiles were conducted in this study. Each set of 
data was plotted individually to produce several sets of 
soil cores to represent the terraces. Sites were logically 
grouped to traverses listed in Table 5* 
Terrace Ghanges Along Ghannel 
Solum morphology models provide insight into pedogenesis 
by diagrammatically presenting data in a systematic three 
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Table 5« Profiles used for 3-dimensional plotting 
Traverse 1 - Clinton Co. tributary 
Parameters - pH, CC, MC, FC, TS, TC 
Cores - 24, 25, 26, 2?. 28, 29, 30, 31. 32 
Traverse 2 - North to south 
Parameters - pH, CC, MC, FC, TS, TC 
Cores - 1, 2, 5, 6 ,  7 ,  10, 13. 14, 15. 28, 33. 
38, 44 
Traverse 3 - Jackson Co. tributary 
Parameters - pH, CC, MC, PC, TS, TC 
Cores - 15, 16, 20, 21, 22, 23 
Traverse 4 - North to south 
Parameters - Total carbon, Mn, Fe-acid extraction 
Cores - 1, 2, 5. 6, 7, 10, 12, 13, 16, 28, 33. 37 
Traverse 5 - Clinton Co. terrace 
Parameters - Total carbon, Ito. Fe-acid extraction 
Cores - 25,  27,  28, 30,  32 
Traverse 6 - North to south 
Parameters - Fe, Mn, Ca, Mg, Ca/Mg, P 
Cores - 1, 2, 5, 6, 7, 11, 14, 28, 45 
Traverse 7 - Jackson Co. terrace 
Parameters - Total carbon, Mn, Fe-acid extraction 
Cores - 15, 16, 21, 22, 23 
dimensional picture (Huddleston and Riecken, 1973; Hock, 
Wilding and Hall, 1973)» Pedon distributions over distance 
south from channel from the Iowa-Minnesota border are arranged 
according to large scale systematics. 
Total carbon in Figure 12 is representing surface accumu­
lations of organic matter and subsolum carbonates. Organic 
matter is predominantly confined tc ths upper 9 inchéé and is 
quite variable over distance. Depth of leaching is also 
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nonsystematic, varying from 39 to 51 inches. It is, 
however, related to the abimdance of carbonates and organic 
matter. Profiles of low surface organic matter are leached 
deeper and have less carbonates than solums of greater accumu­
lation of humus. This may be due to differences in internal 
drainage (Davies, 1971). More poorly drained sites resist 
organic matter decomposition and have less internal water 
movement to remove soluble carbonates (Wilde, 1971). These 
would be represented by gray soils. 
Soil reaction is more dependent on landscape position 
than internal drainage (Figures 13 and 14). Soil pH of each 
profile gradually increases below the B2t horizon, but mini-
mums occur at shallower depths with distance south. Actual 
pH minimums also increase with distance south (Figure 15). 
Podzolization expressed by pH appears to be more strongly ex­
pressed farther north on higher terraces, probably a result of 
a climatological continuum altering site environments. 
Phosphorus levels are partially associated with soil 
reaction in many soils, but have no trend relationships in the 
terrace soils (Figure 16). Two of the profiles have P dis­
tributions similar to clay distribution, although most profiles 
are below 10 ppm P at the base of the solum. Solums of low P 
are considered to be the result of clays different in P sedi-
mented out at the time of deposition. This leads to the 
possibility that cores 5 and 45 actually ccme frcsi tcrraces of 
different depositions and not within the Zwingle soil series 
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system. During the course of this study many other terraces 
were found having soils with profile morphologies very similar 
to the Zwingle series, but which were physically close enough 
to the correct terrace system to allow accurate terrace iden­
tification. Cores 5 and ^5 were more difficult to identify 
as being within the proper system. Other terraces were cored 
and sampled during the course of field investigation, but 
were later eliminated after careful field reconnaissance ob­
servations. Separation of terraces on the basis of laboratory 
results is justifiable here. Further separation at the series 
level based on P distribution is another matter for serious 
consideration. Two, high elevation, red to gray, slack water 
terraces with similar morphology are present along the Missis­
sippi River. Field separation of terrace systems is extremely 
difficult in tributaries where both terraces are not present. 
Available phosphorus distribution in the solum can be used as 
a criterion for separation. Terraces with Zwingle soils have 
the highest mean sea level elevation and lowest available P. 
The other terrace is about 15 feet lower in elevation and much 
higher in available P (Appendix D). Depth criterion of P 
distribution is the basis of separation. The Zwingle series 
has less than 10 ppm available P at a depth of 36 inches, and 
the other terrace has more than 20 ppm available P. 
Free iron as measured by both acid and sodium citrate 
Gxtractioi'i its not consistent among the profiles or with dis­
tance south (Figure 1?). Acid extractable iron has a marked 
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decrease in the solum as the channel narrows near Dubuque 
County. The decrease is also pronounced in north-south 
traverse surface horizons with the sodium citrate extractable 
iron. A more continuous change is evident in the A1 horizon 
than the A2. Partial channel narrowing probably reduces the 
tributary size and alters depositional and pedogenic environ­
ments . 
Free manganese pattern relationships are not evident in 
the subsoil with channel size by either extraction procedure. 
Surface Mn does decrease in the Dubuque County area but is not 
as pronounced as the decrease found for free Fe (Figures 18 and 
19). Minimums occur between 15 and 27 inches where evidence 
of pedogenic processes are strongly pronounced. Materials 
below 27 inches reflect depositional concentrations within 
the slack water clay. 
Exchangeable Ca and Mg increase with depth and distance 
south. Leaching in the B2t horizon is slight at 27 inches for 
Ca. Differences between Ca and Mg distributions (Figure 20) 
are considered to be related to sedimentation and environ­
mental site continua. 
Ratios of Ca/Mg suggests weathering patterns associated 
more closely with tributary size and channel width rather than 
distance (Figure 21). Weathering is less, graphically ex­
pressed by higher Ca/Mg ratios, close to the mid traverse. 
This corresponds to free iron distribution which has lower 
values in profiles of less weathering. Clay lattice alteration 
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releases cations into the free state, thus increases 
are products of weathering. Gray Paleudults modified by a 
fluctuating watertable have low amounts of amorphous iron with 
goethite being the main iron oxide mineral. The dithionite 
extractable iron is primarily from kaolinitic clay (Gamble and 
Daniels, 1972). Prabhakaran Nair and Cottenie (1971) found 
that iron oxides are retained on the surface of fine clays 
and are illuviated through the soil with them. 
Clay distribution is irregular among the north-south 
terrace. Separating the clay into its component fractions pro­
vides more information for interpretation of geologic and 
pédologie processes (Figures 22 through 28). Coarse clay 
(Figure 22) is greatest in the lower portion of the profile 
(Figure 23). Assuming approximately equivalent depositional 
materials with depth means that there has been a loss of the 
coarse clay fraction in the solum, particularly between 9 and 
27 inches. Lesser amounts can be accounted for by physical and 
chemical weathering to a smaller size fraction or illuviation. 
Evidence for transport is missing because illuviation has 
occurred in the B2t horizon. There is no evidence that sedi­
mentation processes are dominant. 
Medium clay distribution is similar to Ca and Mg dis­
tribution. Medium clay increases with both distance south 
and depth (Figure 23). Combined influences of weathering and 
depositional continua control distribution. Surface horizons 
have lower percentages of medium clay due to particle size 
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breakdovm. Increases in medium clay percentages throughout 
the entire profile are the result of suspension loads of coarser 
materials settling closer to the source. Particle-size de­
positions then allow the finer grade-sizes to be deposited at 
greater distances along the channel. 
Fine clay distribution (Figure 24) is due to the influence 
of geologic and pedogenic processes. Figure 25 shows the fine 
clay maximum in the B2t horizon. Systematic depositional con­
tinua can only be traced in the lower portion of the profile 
which becomes finer in texture with distance south. 
Weathering modified by depositional environments is ex­
pressed by medium clay and fine silt (Figure 26), and pedo­
genic processes by fine clay. Total clay (Figure 27) repre­
sents the textural B2 horizon clay bulge in the solum. The 
fine clay fraction represents the illuvial clay. Medium clay 
increases with distance south. Coarse clay in the solum dis­
tribution does not suggest either process in the total clay 
plot. 
Total silt (Figure 28) approximates an inverse pattern 
of total clay. Total silt varies considerably and no system­
atic patterns can be established. 
Tributary Morphology 
Detailed transects were made across two tributaries with 
extensive terraces. One at Elk River Junction in Clinton 
County, the other 2 miles north of the town of Union in Jackson 
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County. Both transects were oriented with increasing dis­
tance away from the Mississippi River channel. Elk River 
Junction transect is oriented along a northerly axis and the 
Union transect is oriented along a westerly axis. Compari­
sons are made for morphological features of the solums located 
on the terrace. 
Soil reaction (Figure 29) in the Elk River Junction 
transect decreases in the B2t horizon and increases again in 
the calcareous C. Reaction also gradually increases with 
distance up the tributary. Soil pH changes more notably in 
soils located adjacent to the outer periphery of the terrace. 
This is apparently due to a combination of two factors. Drain­
age is better at the terrace boundary than near the uplands 
due to truncation of the slope by erosion (Daniels, Gamble 
and Nelson, 1971). Those sites adjacent to uplands are 
strongly modified by local carbonate rich waters. The hy- . 
draulic gradient from the upland to the terrace level results 
in the removal of carbonates from the underlying calcareous 
loess and dolimitic limestone and carries these carbonate 
rich waters into the mantle of valley sediment. Slightly 
alkaline waters maintain the higher pH of terrace pedons 
adjacent to uplands. 
Total carbon amounts supply supporting evidence for 
groundwater influence (Figure 30). Subsolum carbon comes 
closer to the ground surface and increases in values when 
plotted in both distance toward the uplands and with depth. 
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This is particularly pronounced in the Jackson County terrace. 
Here the hydraulic gradient has greater length as well as 
pronounced integration with the uplands. Primary carbonates 
in the clay sediments were very low indicating leaching prior 
to deposition. 
Fine clay is strongly influenced by pedogenesis near the 
channel. Figure Jl shows the more pronounced clay illuviation 
farther from the uplands for the Jackson County tributary. 
Profile alteration in the form of illuviation by upland 
association is not as distinct in the Elk River Junction 
(Figure 32). Clay illuviation is distinct among the profiles 
and tends to be at greater depths closer to the Mississippi 
River channel. Well drained sites on the terrace away from 
the uplands provide evidence for pedogenic processes more 
strongly than those influenced by local groundwater from 
adjacent sideslopes. 
Free iron by acid extraction follows similar patterns in 
both tributaries. Surface horizons are high, then decrease in 
value with depth. However, at both of the extreme 
ends of the traverses total solum Fe is greater than mid-
terrace profiles (Figure 33). This may be caused by the 
tributary drainage systematics and a corresponding redox 
potential (Bohn, 1971). Moderately drained soils located in 
the terrace center are fluctuating more frequently between 
field capacity and air dry, thus increasing its potential for 
formation of iron concretions (Collins and Buol, 1970a). Close 
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to the uplands iron remains in the reduced state over a 
larger portion of the year, decreasing its potential to move 
under oxygen or concentration fluid gradients to allow pre­
cipitation around iron nuclei. Well drained pedons are not 
saturated for a long enough period to reduce iron and produce 
concretions in substantial amounts (Collins and Buol, 1970b). 
McKim (1972) states that uniformly distributed iron 
oxides in soils reflect good drainage in soils. Water table 
levels fluctuating annually produce alternating cycles of 
oxidation and reduction and will enhance iron concretion 
formation (Hallsworth and Ahmad, 1957). Oades (I963) found 
that iron oxides are evenly distributed with the clay fraction 
in well oxidized soils. Close associations between clay and 
free iron is common in Iowa soils (Swenson and Riecken, 1955; 
Folks and Riecken, 1956; and Simonson, Prill and Riecken, 
1957). 
Free manganese by acid extraction is distributed in a 
similar manner for both terraces which were studied with de­
tailed transects. Manganese concentrations are high in surface 
horizons and decrease rapidly to the B2t horizon. Manganese 
values remain low with depth (Figure 34). In situ weathering 
of surface clays can account for surface accumulations of free 
Mn (Daniels, Brasfield and Riecken, I962). 
Textural similarities can also be found between the two 
terraces. Coarse clays are lower in the B2t horizon and in­
crease with depth (Figure 35)' The same relationship occurred 
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with the channel traverse for coarse clay, indicating a 
pedogenie rather than sedimentation control. Medium clay in 
the Elk River Junction terrace gradually increases with depth 
and is in slightly lower percentages at the extremeties of 
the terrace than in profiles midway across the transect 
(Figure 36). Medium clay distribution may be the result of 
modified internal drainage within the terrace. Fluctuating 
wet and dry periods occur more frequently at the gradation 
boundary between well and poorly drained landscape positions. 
This would enhance weathering and increase fine clay 
percentages. 
Fine clays follow typical pedogenie patterns for Zwingle 
soils (Figure 37). Total clay distributions are primarily 
influenced by the fine clay fraction because the fine clay 
generally composes approximately 50^ of the total clay 
fraction. 
Total silt differs widely between the two tributaries 
(Figure 38). Elk River Junction terrace is more evenly dis­
tributed in silt. This is a result of a slightly smaller 
scale on the traverse 1 plot and normal variations in deposi-
tional sequences. 
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PEDOGENIC TERRACE MORPHOLOGY 
Considering all terrace soils as one unit enables evalua­
tions which include range in characteristics, modal concepts, 
and uniformity. Many profiles differed in several parameters 
to adjacent pedons common among soils (Beckett and Webster, 
I97I; Drees and Wilding, 1973)> but maintained similarity to 
those at greater distances. 
Pedon morphology is predominantly controlled by position 
within the tributary, proximity to well drained areas exposed 
by erosion, underlying lithology, association with carbonate 
charged groundwater, distance from source area, and mineralogy. 
Combining effects of all processes produces groups of soils 
which can be placed into separate taxonomic entities. 
Soil System Evaluation 
Textural and reaction statistics for all soils sampled 
within the terrace system are included in Appendix C. Each 
6 inch increment with depth is treated separately to maintain 
a balance between pedogenic and sedimentary conditions found 
in the terraces. Statistics become meaningful when comparing 
each parameter with the same in other horizons. This entails 
a process which will reveal the zones of most prominent expres­
sion of pedogenic processes. 
Soil reaction has been shown to respond to changes which 
occur over distance. Mean and median pH decreases to a 5.01 
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minimum at 18 to 24 inches, then gradually increases with 
depth to 7.61 at 60 inches. Midrange pH values, however, 
minimize at 6 to 12 inches, indicating that about half the 
profiles have shallow pH minimums and that several profiles 
are very acid in the mid B2t horizon. This outweighs other 
values and lowers the mean. The lowest minimums are at 27 
inches with lowest maximums at 9 inches. Skewness, kurtosis, 
and range are also responding to the acid profiles by maximum 
values in the mid B2t horizon. 
Mean and median sand contents decrease rapidly to 21 
inches then level off, due to residual coarsening from clay 
translocation and greater abundances of shell and pottery 
fragments. Large variations in sand among the profiles did 
occur throughout the sediments except within the 30 to 36 
inch depth. At this point lower maximums and ranges were 
encountered with a closer to normal distribution about the 
mean than at other depths. Clay illuviation predominated 
solum texture at this point. 
Coarse silts decreased in the B2t horizon, but showed 
little variations significant to pedogenesis. Fine silts 
were distributed differently with minimum means attained in 
the A2 horizon. However, it gradually increased in the B2t un 
til stability was reached at 27 inches. Possibly fine silts 
were weathered in the upper portion of the solum which would 
contribute to total clay content. Coarse clays and free silts 
following similar distribution patterns are probably the 
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result of the same contributing processes. Coarse clays and 
fine silts were morphologically distributed in similar pat­
terns. This leads to the conclusion that the 1-4 u size may 
provide a better expression number when grouped together as an 
individual fraction class for pedogenic purposes. Including 
portions into the silt and clay classes mask finer clay and 
coarser silt morphology, thus diminishing insight which might 
otherwise be gained. 
Medium clay means increase slightly to a depth of 21 
inches, then slowly increases from 26 percent with depth. 
Kurtosis indicates that minor changes in depositions do occur 
with depth as seen by fluctuating maximums. Median statis­
tics do not respond to fluctuations indicating that they are 
exceptions. Terrace growth was systematic with few extremes 
as indicated by medium clay standard deviations. Fewer ex­
tremes occurred at the top of the B2t horizon indicating that 
illuviation stabilized at approximately 15 inches. 
Pedogenic processes are most profoundly expressed in 
the fine clay fraction. Mean, median and mode maximizes in 
the 12 to 18 inch depth for fine clay. Total clay, however, 
is similarly concentrated for a 12 to 24 inch depth range. 
Clay accumulations for the upper zone is primarily caused by 
fine clay illuviation, and in the lower 18 to 24 inches is 
accounted for by coarse and medium clay. Standard deviation 
is greatest from 6 to 12 inches for fine clay indicating that 
extremes are encountered as a result of eluviation sensitive 
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to controlling processes. Supporting this hypothesis are 
ranges "between the extremes for fine clay at 6 to 18 inches 
which are much greater than at other depths. Total clay 
was ranged highest in the 6 to 12 inch depth (Appendix C). 
Clay to silt ratios attained greatest proportions at 12-
18 inches then decreased with depth to 60 inches. Kurtosis 
is high in the A1 horizon, then drops in the A2 to gradually 
increase with depth to 42 inches, at which point it drops 
again. Clay transfers are evident to a depth of 42 inches. 
Correlation coefficients between parameters indicate 
relationships peculiar to the system. Allen (1971) found 
that higher correlations occur when soil moisture is included 
with other landscape parameters. Huddleston (I969) found high 
correlations between related soil parameters, such as total P 
to available P and clay to geometric mean. Separate sets of 
relationships existed for calcareous and noncalcareous 
materials. 
Correlation coefficients for parameters measured within 
the terrace system are given in Table 6. Acid extractable 
iron and manganese are designated as FeA and MnA. Other 
elements included were extracted by standard procedures given 
in the methods section. Abbreviations used for terms in text 
are total carbon (TCarb), coarse clay (CC), medium clay (MC), 
fine clay (FC), and total clay (TC), 
Total clay is strongly affecting calcium and magnesium 
concentrations, but is not highly related to the weathering 
Table 6. Correlation relationships between various parameters within the terrace system 
rCarb FeA MnA Fe Mn Ca Mg Ca/Mg P pH CC MC FC TC 
TCarb 1.00 -.34 0.46 0.00 0.43 0.28 -.29 0.77 0.24 0.55 -.00 -.13 -.42 -.30 
FeA -.34 1.00 -.12 0.05 -.31 -.42 0.02 -.50 -.17 -.51 -.15 -.04 0.48 0.22 
MnA 0.46 -.12 1.00 0.04 0.85 -.18 -.41 0.37 0.26 0.26 0.09 -.18 -•38 -.29 
Fe 0.00 0.05 0.04 1.00 -.03 -.33 -.23 -.14 0.10 -.03 -.22 -.26 -.07 -.26 
Mn 0.43 -.31 0.85 -.03 1.00 0.06 -.27 0.50 0.06 0.47 0.22 -002 -.55 -.26 
Ca 0.28 -.42 -.18 -.33 0.06 1.00 0.65 0.53 -.29 0.47 0.37 0.73 0.01 0.50 
Mg -.29 0.02 -.41 -.23 -.27 0.65 1.00 -.24 -.37 0.04 0.28 0.83 0.44 0.78 
Ca/Mg 0.76 -.50 0.37 -.14 0.50 0.53 -.24 1.00 0.11 0.58 0.13 0.01 -.45 -.21 
P 0.24 -.17 0.26 0.10 0.06 -.29 -.37 0.11 1.00 -.14 -.28 -.37 0.01 -.27 
PH 0.55 -.51 0.26 -.03 0.47 0.47 0.04 0.58 -.14 1.00 0.02 0.10 -.68 -.33 
CClay - .00 -.15 0.09 -.22 0.22 0.37 0.28 0.13 -.28 0.02 1.00 0.39 -.10 0.42 
MClay -.13 -.04 -.18 -.26 -.02 0.73 0.83 0.01 -.37 0.10 0.39 1.00 0.33 0.84 
FClay -.42 0.48 -.38 -.07 -.55 0.01 0.44 -.45 0.01 -.68 -.10 0.33 1.00 0.73 
TClay -.30 0.22 -.29 -.26 -.26 0.50 0.78 -.21 -.27 -.33 0.42 0.84 0.73 1.00 
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index calculated from the two. Ratios between the two remain 
low throughout the solum indicating regions of leaching. 
However, clays are distributed in pattern related to par­
ticulate translocation, thus resulting in a low correlation. 
Total clays are more strongly related to the medium and 
fine fractions than coarse clay. The individual classes are 
not correlated with each other. Morphology is expressing 
separate weathering processes in each fraction, although some 
overlapping does exist. Coarse clays are slightly related to 
medium clay percentages, but not at all related to fine clays. 
Coarse and fine fractions equally affect medium clay distribu­
tion. Total clays may be better represented by less than 1 u 
fractions with correlations of .84 and .73 for medium and fine 
clays, respectively, than including coarse clays having corre­
lations of only .42. Much of this relationship exists because 
coarse clay was included in the total clay fraction. 
Total carbon is slightly correlated to manganese as mea­
sured by both acid and sodium citrate extractions. TC is very 
highly correlated with Ca/Mg, although little relationship ex­
ists with either element individually. Total carbon reduced as 
carbonates by leaching and increased as organic matter is in­
dexing profile development similarly to the Ca/Mg ratio. Mag­
nesium is translocated by pedogenesis and Ca removed from the 
solum prior to and during development. Carbonates measured 
by total carbon is a partial indicator of pH also. 
Calcium and Mg are both highly correlated to medium clay 
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and pH is associated with fine clay; however, none of the 
measured parameters are significantly correlated with coarse 
clay. Correlations greater than .4 occurred with fine clay 
to total carbon, iron, manganese, magnesium, and Ca/Mg, in­
dicating operations of similar processes of development. 
Iron as measured by acid extraction was not correlated 
to iron extracted with sodium citrate. Acid extracted Fe was 
associated with Ca, pH, and fine clay (Sorensen, Oelsligle 
and Knudsen, 1971). Sodium citrate Fe was not related to any 
pedogenic parameter measured in the study. Iron by acid ex­
traction appears to be a better measure of pedogenesis than 
the more commonly used sodium citrate extraction for these 
soils. 
Manganese by both extraction procedures are related to 
each other, but have differing pedogenic importance. Regres­
sion of both Mn data sets result in the following equation. 
MnA = 0.0062 + 0.0444 Mn = 0.85 Std. Dev. = 0.002 
Acid extractable Mn is not correlated greater than 0.5 
for any parameter, whereas the sodium citrate DM is for fine 
clay and Ca/Mg. 
Caution should be administered when placing emphasig upon 
correlations. Responses to various parameters may be indicat­
ing external forces other than those measured and true 
values to pedogenesis may be obscured. 
Soil reaction as measured by pH was measured by two 
methods, the first included a 1:2 ratio of soil to water, the 
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second a 1:2 ratio of soil to a 1 N CaClg solution. The pH 
by water values (Appendix B) corresponded to the selected 
samples done with CaGlg (Appendix D). Solum horizons are 
higher in pH by water than with CaClg. 
Lower B2 and C horizon pH's are comparable for both 
methods. Due to this relationship several of the profiles 
express pH minimums slightly higher in the profile when mea­
sured by CaClg solutions. 
Exchange acidity has been completed for four depths 
within core 25B. They are 6-12 inches, 14.8; 12-18, 28.0; 
18-24, 27.2; and 24-30, 24.4. Data indicate that exchange 
acidity is very high in this core and it corresponds closely 
to total clay distribution. Reaction also follows the same 
trend with depth. 
Correlations between red, brown, and gray pedons further 
quantify evidence for separation at the series level. A com­
plete correlation matrix comparing profiles against each other 
for total carbon and extractable Fe and Mn is given in Table ?. 
Manganese was found to be least related to color changes with 
very high correlations among the soils. Red and gray pedons 
are similar in total carbon. Brown subsoils differ in total 
carbon distribution, but are similar in acid extractable iron 
to red and gray pedons. 
A partial correlation set is given in Table 8 for sodium 
citrate extractable Fe and Mn, Ca, Mg, Ca/Mg, and P. Manganese 
by this extraction procedure is correlated by .44 to .62 among 
Table ?• Albaqualf correlations with acid extractable iron and manganese 
Red Brown Gray 
TGarb Fe Mn TGarb Fe Wki Tcarb Fe Mn 
Red TGarb 
Iron 
Mn 
1.00 
-.05 
0.4? 
-.05 
1.00 
0.07 
0.4? 
0.07 
1.00 
0.28 
0.08 
0.40 
0.25 
0.59 
0.07 
0.50 
0.18 
0.88 
0.52 
0.12 
0.72 
0.24 
0.62 
0.26 
0.47 
0.09 
0.92 
Brown TGarb 
Iron 
Mn 
0.28 
0.25 
0.50 
0.08 
0.59 
0.18 
0.40 
0.07 
0.88 
1.00 
0.02 
0.47 
0.02 
1.00 
0.07 
0.47 
0.07 
1.00 
0.74 
0.01 
0.82 
-.10 
0.64 
0.37 
0.54 
0.06 
0.96 
Gray TGarb 
Iron 
Mn 
0.52 
0.24 
0.4? 
0.12 
0.62 
0.09 
0.72 
0.26 
0.92 
0.74 
—. 10 
0.54 
0.01 
0.64 
0.06 
0.82 
0.37 
0.96 
1.00 
0.15 
0.84 
0.15 
1.00 
0.25 
0.84 
0.25 
1.00 
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Table 8. Elemental correlation coefficients between 
Albaqualfs 
Fe Mn Ca Mg Ca/Mg 
Brown 
Gray 
Gray 
Red 
Fe -.07 -.22 -.07 0.09 -.13 -.21 
Mn 0.36 0.62 — ( 10 -.30 0.20 0.38 
Ca 0.06 -.04 0.05 0.04 0.07 0.14 
Mg -.34 -.24 0.03 0.22 -.18 0.04 
Ca/Mg 0.45 0.27 0.04 -.09 0.21 0.10 
P 0.08 0.23 - • 30 0.01 —. 22 0.38 
Fe -.40 0.08 0.44 0.32 0.19 -.35 
Mn 0.17 0.49 -.02 -.17 0.21 0.16 
Ca —. 01 0.01 0.08 -.16 0.19 0.17 
Mg — « 10 -.18 0.11 -.01 0.04 0.01 
Ca/Mg 0.45 0.43 — « 06 -.11 0.17 0.25 
P -.25 0.25 0.31 0.03 0.25 —. 04 
Brown 
Fe 0.09 —. 01 -.49 -.32 -.13 -.00 
Mn -.23 0.44 0.12 - .34 0.57 0.54 
Ca -.30 -.33 -.11 0.12 -.36 — . 16 
Mg 
-.17 -.45 -.11 0.25 -.48 -.29 
C^Mg -.28 0.43 0.14 
-.37 0.64 0.51 
P —.. 03 0.10 -.31 — « 09 -.18 -.14 
the soils. Iron is inversely correlated for red and gray pro­
files. Brown profiles are not distributed in similar patterns 
as red or gray. Each soil is uniquely independent of one 
another in free Fe content with high and low concentrations 
reversed for well oxidized and reduced profiles (Collins and 
Buol, 1970a; 1970b). 
Weathering as expressed by the Ca/Mg ratio is correlated 
only between brown and gray pedons. Red and brown as well as 
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gray and red differ in Ca/Mg. Individual components of Ca and 
Mg are different between each soil. Well oxidized red pedons 
are leached more than the more poorly drained brown and gray 
pedons (Bohn, 1971). 
Original cause of color differences among the terrace 
soils is either external or internal. External parameters are 
many, varied, and difficult to measure. Internal differences 
are integral processes contributing to genesis (Stobbe and 
Wright, 1959; Smith and Buol, 1968; Khangarot, Wilding and 
Hall, 1971; Smith and Wilding, 1972; Goddard, Runge and Ray, 
1973). 
Textural correlations between Albaqualfs are given in 
Table 9. The only significant fraction correlation is fine 
clay between red and brown, and brown and gray. Otherwise, 
textures at each depth are dissimilar for soil groups. This 
is somewhat misleading in that profile distributions of illuvi-
ated clays are at greater depths for well drained soils 
(Daniels, Gamble and Nelson, 1971; Lorio and Hodges, 1971) 
with drainage modified by forests (Sartz, 1972; Boersma, 
Simonson and Watts, 1972). Resulting correlations compare 
only similar depths and disregard characteristic patterns 
which may designate actual textural differences. 
Soil reaction was correlated to each of the Albaqualfs 
regardless of soil color. This is reflecting an overriding 
influence of deciduous forest vegetation (Wiecek and Messenger, 
1972). 
Table Textural correlation coefficients between Albaqualfs 
pH Sand OS FS CC MC FC TS TC 
Brown 
Gray 
Gray 
Red 
pH 0.74 0.03 0.34 , 0.17 0.40 0.15 0.55 0.28 0.26 
Sand 0.36 0.01 0.00 0.36 0.27 0.04 0.28 0.14 0.12 
CSilt 0.28 0.24 0.09 0.34 0.30 0.10 0.30 0.21 0.11 
VPS 0.03 0.02 0.37 0.29 0.01 0.29 0.07 0.24 0.22 
G Clay 0.09 0.18 0.15 0.28 0.09 0.12 0.01 0.05 0.10 
MClay 0.06 0.37 0.01 0.53 0.25 0.01 0.18 0.21 0.07 
FGlay 0.61 0.04 0.35 0.04 0.40 0.02 0.54 0.35 0.32 
TSilt 0.29 0.27 0.18 0.30 0.32 0.04 0.34 0.27 0.16 
TClay 0.40 0.23 0.16 0.40 0.39 0.05 0.40 0.30 0.19 
pH 0.70 0.02 0.21 0.02 0.35 0.03 0.40 0.23 0.21 
Sand 0.10 0. 04 0.05 0.14 0.09 0.04 0.07 0.09 0.07 
CSilt 0.10 0.27 0.00 0.32 0.10 0.14 0.09 0.13 0.03 
VFS 0.29 0.14 0. 04 0.38 0.25 0.12 0.19 0.21 0.14 
CClay 0.15 0.24 0.13 0.17 0.17 0.15 0.09 0.20 0.10 
lùClay 0.10 0.23 0.11 0.31 0.01 0.14 0.07 0.23 0.14 
FGlay 0.52 0.07 0.18 0.06 0.43 0.05 0.33 0.16 0.16 
TSilt 0.20 0.26 0.02 0.25 0.19 0.12 0.16 0.09 0.01 
TClay 0.20 0.24 0.00 0.25 0.19 0.09 0.12 0.10 0.01 
Brown 
pH 0.59 0.15 0.34 0.22 0.32 0.13 0.34 0.32 0.34 
Sand 0.21 0.03 0.12 0.11 0.11 0.10 0.01 0.10 0.08 
CSilt 0.22 0.02 0.06 0. 04 0.19 0.16 0.16 0.06 0.05 
VFS 0.14 0.16 0.37 0.12 0.30 0.33 0.23 0.36 0.39 
GGlay 0.06 0.05 0.31 0.01 0.25 0.27 0.19 0.33 0.31 
MClay 0.09 0.08 0.17 0.01 0.20 0.20 0.05 0.17 0.18 
FGlay 0.49 0.20 0.44 0.07 0.18 0.26 0.52 0.45 0.48 
TSilt 0.29 0.07 0.04 0.00 0.13 0.08 0.25 0.04 0.07 
TGlay 0.31 0.05 0.07 0.03 0.08 0.04 0.22 0.06 0.08 
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Shear strengths for several selected profiles are given 
in Table 10. As expected shear strength increases with depth 
and reaches a maximum in the B2t horizon. However, trends 
are associated with the morphological B2t rather than actual 
clay distributions. Clay maximums are evident 6 to 12 inches 
higher in the profile than shear strength peaks. Shear 
strength values are dependent upon many characteristics includ­
ing clay (Sallberg, I965). Depth of shear strength maximum may 
be explained by structural grade which increases from moderate 
to strong at similar depths as shear strength increases. Fed 
strength is a controlling factor of consistency which can be 
measured by vane shear strength. 
Subsolum shear strengths are extremely variable in geo­
graphic distribution. This variation is probably due to local 
differences in depositional environments and weathering peri­
ods. Depositional processes may result in preferred orienta­
tion of clays if drainage is rather rapid at that time, re­
sulting in a possible higher bulk density, firmer consistency 
and greater shear strength. Pedogenie structural development, 
although slight during brief weathering periods, will also 
alter shear strength qualities (Madenford and Scholtes, 1973)» 
Solum Distributions 
Several plots were constructed to graphically illustrate 
the elemental distributions of red, brown, and gray albaqualfs. 
Several brown albaqualfs are represented to provide supporting 
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Table 10. Vane shear strengths of several selected profiles 
Depth Shesir strength 
(in.) (TSF) 
1 2A 3B 40 5 6 7A 8B 
6 1.05 0.80 0.92 1.25 1.00 1.05 0.70 1.02 
12 0.62 1.07 0.77 0.87 0.95 1.02 0.80 1.00 
18 1.27 1.75 0.82 0.97 1.45 1.42 0.87 1.05 
Zk 2.50 2.50 2.25 1.17 2.25 1.37 2.00 0.50 
30 1.92 1.37 2.00 1.85 0.80 1.30 0.80 0.55 
36 1.37 0.62 0.92 1.30 0.45 0.82 0.87 0.18 
42 1.95 1.27 0.55 1.38 0.30 0.77 0.62 0.20 
48 1.20 1.85 1.07 1.27 0.57 0.85 0.87 0.24 
54 0.80 0.70 0.95 0.32 - 1.40 0.70 -
6o 1.57 1.00 0.37 0.92 - 0.70 0.75 -
66 2.40 0.62 — - — - - -
72 — 1.02 — — — — 
90 10 16b 17c 18D 20F 21G 38D 
6 1.20 0.75 0.58 0.77 0.22 0.11 0.12 2.27 
12 0.57 0.70 1.40 1.30 0.15 0.11 1.27 2.50 
18 0.95 0.72 1.07 1.57 1.17 1.92 2.50 0.95 
24 2.37 1.40 2.50 2.42 2.50 2.50 2.50 0.87 
30 1.42 1.95 1.60 1.62 2.50 1.45 2.17 0.85 
36 1.40 1.07 1.20 1.97 1.20 1.40 2.00 1.95 
42 1.42 0.80 2.05 2.07 2.50 2.02 2.37 2.00 
48 1.32 0.80 2.45 2.05 2.50 1.67 0.87 2.05 
54 0.75 0.55 0.54 2.35 2.50 2.00 2.17 1.57 
6o 0.70 0.50 0.96 1.65 2.50 1.02 1.30 1.95 
66 - - 0.96 2.40 2.37 1.25 - 1.05 
72 - - - - - 2.17 - 0.87 
78 - - - - - 1.20 - 0.55 
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evidence for distributional theories. 
Color differences between red, brown and gray profiles is 
controlled by the oxidation state of the iron. Oxidized iron 
PegOg provides red colors and reduced iron FeO is generally 
responsible for dark gray colors (Daniels, Simonson and Handy, 
1961). This is also controlling unoxidized till colors of cen­
tral Iowa (Ruhe, I969). Oxidation state of iron within soils is 
predominantly dependent upon the degree of aeration, which is 
ultimately controlled by macropore space and water saturation 
(Collins and Boul, 1970a; Gamble and Daniels, 1972). The 
Zwingle developed in fine textured slack water clays is slowly 
permeable and very poorly drained. However, in some areas 
montmorillonitic clays predominate the mineral fraction to 
cause extensive shrinking and swelling during alternately wet 
and dry periods (Anderson, Fadul and O'Connor, 1973). Com­
binations of both conditions can potentially provide condi­
tions for a continuum range of B2 horizon colors from red to 
gray (Simonson and Boersma, 1972). 
Profiles with predominantly montmorillonitic clays are 
well aerated during dry seasons and will ultimately have red­
dish hues. Those with less shrinking capacity retain greater 
amounts of water in the micropore space leaving the iron in a 
reduced state with low chromas (Simonson and Boersma, 1972). 
Differences in iron oxidation states are reflected by 
the amount of free iron extractable from exchange sites and 
the soil solution by sodium citrate. Free iron in the B2t 
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horizon, between approximately 12 and 36 inches, is propor­
tionately lower in gray soils than in red or brown (Figures 
39 and 40). Brown soils reach a free iron peak higher in the 
profile than red soils and generally of greater magnitude. 
Brown profiles peak at 15 inches and 27 inches. Brown soils 
appear to be more poorly drained than red. Oxidation is oc­
curring at the better aerated base of the A2 horizon. Red 
profiles indicate good aeration deep into the B2t horizon. 
Brown profiles are representing varying positions between 
the realm of both extremes. Greater variation will occur be­
tween one brown profile to another and between various posi­
tions within the B2t than in either red or gray profiles. 
Free iron distribution below the solum is sporadic. How­
ever, it is more uniform for gray than red or brown. Here 
iron is dependent on two other factors. First, the underlying 
drainage and secondly the type of materials deposited during 
original sedimentation. Alluvial and aeolian silts are the 
dominating underlying lithologies; however, sands are also 
occasionally present, altering genesis (Wang and Arnold, 1973). 
Materials and relative position to uplands controlling the 
water table are responsible for basal drainage. Gray soils 
show iron reduction to greater degrees at deeper levels, 
indicating poor subsurface drainage (Simonson and Boersma, 
1972). 
Free manganese was not distributed in any manner indica­
tive of B2t horizon color. Each profile had a minimum free 
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manganese level in the lower A2 and upper B2t horizons with a 
maximum in the A1 horizon. Surface weathering releases man­
ganese ions to active exchange sites, making it available for 
leaching. Concentrations continue to increase to greater 
depths, with maximums again occurring below 36 inches. Free 
manganese (Figures 41 and 42) is not distributed as close to 
the surface as illuviated clays and tends to follow a deeper 
gradient through the soil solution (Sorensen, Oelsligle and 
Knudsen, 1971). 
Magnesium is less mobile in soil solutions than calcium. 
Using magnesium as a reference in comparison to calcium losses 
facilitates one form of weathering measurement. Lower calcium 
to magnesium ratios generally indicate greater weathering. 
All of the soils measured show weathering and leaching to 
a depth of 45 inches, below which only two soils continue to 
remain low, one red and one gray. The surface is predominantly 
higher in calcium, but characteristically lower for gray soils 
(Figures 43 and 44). Greater calcium in the A1 horizon is 
probably due to liming rather than pedogenie processes. 
Calcium to magnesium ratios are generally uniform with 
depth between 15 and 45 inches. Assuming that materials below 
45 inches are indicative of the original deposit, then leaching 
has taken place within the solum. 
Available phosphorus is inversely related to total nlay 
and positively related to reaction for both red and gray 
Albaqualfs (Figures 45 and 46). Brown Albaqualfs in Figures 
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4? through 50 are not morphologically correlated in available 
phosphorus with total clay or reaction. However, reaction is 
the inverse of total clay. 
Available phosphorus decreases rapidly to 9 inches and 
remains low through the B2t horizon. Phosphorus distribution 
is not dependent upon clay illuviation, but is more strongly 
modified by drainage (Runge and Riecken, i966). Below 36 
inches measurable available phosphorus remains low, indicating 
low parent material phosphorus. 
Relationships between available phosphorus and reaction 
is exemplified by a slightly acid B in oxidized soils and 
strongly acid B in less well drained brown and unoxidized 
profiles. Low pH would indicate a stronger forest influence 
in the less well oxidized soils. Clay curves of the red 
profiles do not reach maximums as high as those in brown or 
gray, pedogenically indicating a short term prairie influence 
in red soils. However, drainage, aeration, plant rooting 
activities, and depositional patterns are probably contributing 
more to gross morphology than prairie or forest influences on 
these young soils. 
Available phosphorus is distributed in a manner similar 
to prairie soils (Fenton, i966). The Appanoose, a fine tex­
tured albaqualf, peaks at 50 ppm available phosphorus in the 
B2 horizon, whereas its prairie equivalent, the Edina. remain 
at about 10 ppm AP (Tembhare, 1973). Terrace soil phosphorus 
is extremely low and generally follows a typical prairie 
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pattern. Most morphologic parameters indicate that these 
soils are actually forest derived and it is by mechanisms 
other than pedogenesis which is causing low phosphorus 
contents. 
Clays originally deposited on the terrace system may have 
had few exchange sites occupied by phosphorus due to low inter-
clay lattice phosphorus and leaching. Basement shales beneath 
the Superior Lobe of the Wisconsin Glaciation, from which the 
clays originated, may have been of crystalline forms devoid of 
phosphorus ions. Leaching may have also occurred as the clays 
were sorted into lacustrine deposits at the base of the Superi­
or Lobe while it was fully retreated, or when it was incor­
porated as outwash and sorted into glacial lakes Uptham and 
Aitkin (Wright and Watts, 1969)» Further leaching occurred 
as it was eroded and transported as suspended sediment down 
the Mississippi River. The process of deposition and subse­
quent flooding as slack water clays also contributed to the 
removal of readily exchangeable ions. Calcium to magnesium 
ratios found in the terraces are supporting evidence for 
severe leaching. 
Phosphorus which is available for exchange may be held 
tightly to the clays. Total clay content reaches 8?^ in 
some of the profiles. Over of this is in the less than 
0.5 u fraction. Ultrafine clays produce an abundance of nega­
tive charges within the soil system which attract and hold 
cations to maintain equilibrium (Wright and Foss, 1972). 
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Extraction procedures replace soil cations for others more 
readily exchangeable. However, if the soil solution has an 
abundance of hydrogen ions more readily exchangeable than 
phosphorus they will be replaced first. This actually will 
have little effect upon phosphorus as indicated by the high 
phosphorus low pH B2 of the Appanoose (Tembhare, 1973). 
Forest growth has had an influence on P distribution, 
although not following typical lines for forest soils, P does 
appear to have been recycled. Removal from the B2t horizon 
by root activities of deciduous forests and depositions onto 
the surface by leaf and tree fall has moved some of the 
available P to surface horizons. Low P parent materials may 
contribute to the 35 foot site index for upland hardwoods 
on these sites. Phosphorus fertilization may contribute to 
increasing yield of both timber and crops on these terraces 
(Baker and Brendemuehl, 1972). 
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IMPLICATIONS FOR GENESIS 
Terrace morphology is a result of geologic and pedogenic 
process interaction. Its true genesis can then be derived by 
comparative analysis of mineralogical differences between clay 
and the total sample from the zones of textural change, Cutan 
presence on pads is another useful method of determining 
genesis. The goal here is to reconstruct terrace genesis and 
to disprove the pseudomorphic theory for this system. 
Terrace mineralogy is dependent upon weathering and source 
area. Gjems (1970) found that clay fractions increased in 
kaolinite and decreased in illite and chlorite with weathering. 
Smectite is often the dominating mineralogy of A2 horizons, 
from weathering and residual concentration. During pedogene­
sis the interlayer of clay lattices is removed giving the 
soil a shrink-well potential, particularly in the weathered 
surface horizons. 
Original mineralogy is primarily dependent upon materials 
in the upper Mississippi River drainage area in Minnesota. A 
regolith of kaolinitic clays has been found above Precambrian 
and Cretaceous rocks to form a bedrock for glacial drift. 
Drift in eastern Minnesota attains depths of I30 feet, burying 
bedrock except in those areas of severe erosion along the 
Mississippi and Minnesota River valleys. At these locations 
the kaolinitio regolith exceeds iOo feet in thickness. Min-
eralogically, the clay size fractions consisted almost entirely 
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of kaolinite, whereas the larger fractions included quartz, 
illite and gibbsite. Pleistocene drift above the regolith 
contains substantial montmorillonite in the clay fraction 
(Parham, 1970; Parham and Hogberg, 1964). 
Problems of mineral identification occur when free iron 
and various oxides precipitate on clay surfaces and interfere 
with X-ray diffraction (Anderson and Jenne, 1970). Various 
types of minerals will in turn alter the amount of free iron 
extracted by sodium citrate by 46 to 72 percent of the total 
free iron in the soil (deLeon, i96i). Short weathering breaks 
between depositions will increase free iron and manganese by 
weathering and pedogenic enrichment. This has been observed 
in interstadial bands in loess of southwestern Iowa (Daniels, 
Handy and Simonson, i96o; Ruhe, Miller and Vreeken, 1971). 
Weathering of clay minerals generally occurs in a sys­
tematic way. The illite, vermiculite and chlorite changes 
into montmorillonite, then kaolinite, followed by gibbsite 
with weathering. Many other minerals are present in the 
weathering sequence (Mason and Berry, i968), but are not in­
cluded in this study. This does not imply that clay lattices 
change uniformly. Each clay particle is representing a se­
quence of lattice changes which may include several structures. 
The most weathered mineral is at the edge with continually 
less weathered lattices toward the center. 
Mineralogical comparisons of the terraces were made for 
the fine clay and all fractions of samples removed from the 
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A2 and B2 Jiorizon of several terrace profiles (Table 11). 
Profile 2OF includes a trace of clay mineralogy and total 
minerals for the entire solum. Mineral identification was made 
from X-ray traces of oriented samples mounted on porcelain 
chips. 
Mineralogy was found to differ between site, horizon, and 
size fraction for the terrace soils (Table 11). Montmorillon-
ite, kaolinite and illite predominated clay fractions of the 
A2 horizon in northern tributaries. Farther south only 
kaolinite and illite were found. Several minerals have been 
identified in the clay fraction of some horizons and not in 
the entire sample. This is due to the relative abundance of 
associated minerals. Samples with large amounts of other 
minerals required a lower X-ray scale setting to reduce peak 
sizes, making identification more difficult for minerals of 
lesser amounts. Second and third peaks of primary minerals 
obscured first order peaks of the less abundant minerals. 
Clay minerals of the A2 differed more from those in the 
B2 horizon in profiles farther south. Montmorillonite and 
gibbsite were more commonly present in the illuviated zone. 
This indicates that as primary minerals were weathering into 
more resistant structural lattices and smaller particles, they 
were removed by leaching and transferred to lower horizons. 
Total mineralogy differs from that found in the clay fraction 
of the B2 horizon, some of which may be due to local weathering; 
however, most soil weathering occurs near the surface. 
Table 11. Minerals identified within terrace system soils 
Pro­
file 
6-12 inches 
Clay <0.5 u Total sample 
30-36 inches 
Clay <0.5 u Total sample 
7A 
10 
Kaolinite 
Illite* 
Gibbsite 
Montmorillonite* 
Illitea 
Kaolinite 
Gibbsite 
Montmorillonite* 
Illitea 
Kaolinite®-
Vermiculite 
Illitea 
Kaolinite^ 
Kaolinite 
Illite 
a 
Kaolinite 
Montmorillonite 
Hydromagnesite 
Illite 
Gibbsite 
Hydromagne site 
Illitea 
Kaolinite^ 
Montmorillonite 
Montmorillonite 
Illite 
Kaolinite^ 
Vermiculite 
Illite 
Kaolinite^ 
Gibbsite 
Kaolinite®-
Montmorillonite 
Illite 
Gibbsite 
Illite 
Montmorillonite 
Hydrobiotite 
Kaolinite 
Montmorillonite 
Vermiculite 
Illite® 
Kaolinite 
Vermiculite® 
Illite® 
Kaolinite 
Montmo rillonite 
Illite® 
Kaolinite 
Kaolinite 
Montmorillonite® 
Illite 
Gibbsite 
Mica* 
Kaolinite 
Illite 
Vermiculite 
Montmorillonite 
Montmorillonite' 
Illitea 
Kaolinite 
Vermiculite 
Montmorillonite 
Illite 
Kaolinite® 
Vermiculite 
Montmorillonite 
Illitea 
Kaolinite® 
Kaolinite 
Montmorillonite® 
Illite 
Gibbsite 
®I)ominant minerals in sample. 
Table 11. (Continued) 
6-12 inches 
Pro­
file 
30-36 inches 
Clay <0.5 u Total sample Clay <0.5 u Total sample 
14 Kaolinite* 
Illite 
Montmorillonite 
15A Kaolinite 
Illite 
43A Kaolinite* 
Illite 
Kaolinite 
Illite 
Montmorillonite 
Montmorillonite 
Illite^ 
Kaolinite 
Gibbsite 
Kaolinite* 
Vermiculite 
Illite 
Hydrobiotite 
Montmorillonite 
Illite 
Kaolinite 
Chlorite 
Kaolinite®" 
Montmorillonite 
Illite* 
Gibbsite 
Kaolinite* 
Illite 
Hydrobiotite 
Montmorillonite 
Illite 
Kaolinite 
Gibbsite 
Illite* ^ 
Kaolinite* 
Gibbsite 
Illite* 
Kaolinite 
Hydrobiotite 
a 
0-6 in. depth 
Montmorillonite 
Illite* 
Kaolinite 
6-12 in. depth 
Illite* 
Kaolinite 
Profile 20F 
Montmorillonite 
Illite 
Kaolinite 
Chlorite 
Montmo rillonite 
Illite 
Kaolinite 
12-18 in. depth 
Kaolinite* 
18-24 in. depth 
Montmorillonite* 
Illite 
Kaolinite 
Montmorillonite 
Illite 
Kaolinite 
Montmorillonite 
Illite 
Kaolinite 
Gibbsite 
Table 11. (Continued) 
Profile 20F 
Clay <0.5 u Total sample Clay <0.5 u Total sample 
24-30 in. depth 
Montmorillonite^ 
Illite 
Kaolinite^ 
30-36 in. depth 
Kaolinite^ 
Chlorite 
Illite 
Montmo ri 1 loni t e 
Illite 
Kaolinite 
Montmo ri lloni ter­
mite 
Kaolinite 
36-42 in. depth 
Montmorillonite^ 
Vermiculite^ 
Illite 
Kaolinite 
54-60 in. depth 
Montmorillonite 
Vermiculite 
Illite 
Kaolinite 
Vermiculite* 
Illite 
Kaolinite 
Vermiculite^ 
Illite 
Kaolinite 
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Tracing clay mineralogy with depth for profile 20? 
(Table 11) supports a clay movement theory. Assuming homo­
geneous mineralogy at the time of deposition, althou^ slight 
variations probably occurred, it is possible to separate pro­
file changes. The number of clay minerals present is greater 
at the weathering surface and decreases with depth to 15 
inches, where only residual kaolinite exists. Clay minerals 
then increase into the B2 horizon to maximize at 39 inches. 
This is probably a result of illuviation. 
Primary minerals in the parent material is similar to 
that found in the source area. At lower depths, vermiculite, 
illite, and kaolinite are found with some montmorillonite in 
the clay fraction. Solum clays may not be totally derived 
from in situ weathering. Some of the illuviated clays may 
have been part of the original deposition and were initially 
available for transfer due to their size. 
Comparing original mineralogy to present solum mineralogy 
leads to the conclusion that the terrace system soils are 
young and have developed present morphology by pedogenie 
processes, rather than by accidental geological sedimentation 
sequences. 
Thin sectioning, by normal techniques (Singh, 1969)» of 
the B2 horizon reveals the presence of oriented clay around 
primary peds. Cutans formed by clay illuviation offer conclu­
sive evidence that Zwingle soils are pedogenic in origin. 
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LANDSCAPE AGE 
Terrace system age determination was difficult due to 
the lack of abundant organic matter. Several profiles con­
tained charcoal flecks and illuvial clay associated organic 
matter (organs). A sample of the most promising type of this 
material was submitted for carbon dating, but there was in­
sufficient carbon to complete the dating process. 
A Jackson County stream cut was found to have reeds 
preserved in silts interbedded between slack water clay de­
posits. Exposure on the stream bank allowed extensive digging 
to extract clean representative samples of the reeds. The 
organic matter was concentrated by hand to remove excessive 
silt. Those silts containing the reed fragments were cal­
careous and required preliminary sample treatment prior to 
lit 
C determination. Pretreatment and the rather large sample 
size resulted in a slightly greater date range. The resultant 
date and site description, which will appear in the next 
radiocarbon catalog for Iowa, is given here. 
I-73II Spruce Creek, Jackson County 2460 t 120 
Reeds in alluvium in north bank of Spj^ce Greek in 
SWt SEi sec. 35. t.87N., R.^E. (42°17', 90°27'). Section 
from surface downward is leached silty clay loam of 
Zwingle bed, 2 feet; calcareous silts, 5»5 feet; cal­
careous clay, 1 foot; calcareous silts, 4.5 feet. Sample 
from depth of 6 to 7 feet. Collected by G. A. Madenford 
and W. H. Scholtes and submitted, 1973-
Figure 51 includes the approximate location of sample 
collection. It joins the same terrace as site 12B and fits a 
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Sec. 35, R4E T87N 
Jackson Co. 
Radiocarbon date 
2460 years BP 
Sec. 35, R5E T86N 
Jackson Co. 
MILES 
0.2 _ 
KILOMETERS 
Figure 51* Carbon date location within a stream bank along 
Spruce Greek 
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general morphological description of that piofile. Both 
cores obtained in the Spruce Creek watershed had carbon flecks 
in the B3 and G horizons. 
Zwingle soils have characteristically young to moderately 
aged morphologies. Fine textured soils were found to develop 
distinguishing features in short periods of time (Wascher 
et al., i960). Ruhe (I969) found that terrace soils adjacent 
to each other develop at much different rates depending on 
land form. Swell soils had little profile development and clay 
movement, whereas swale soils, on more poorly drained locations, 
were strongly developed. Clay illuviation and chemical weath­
ering was pronounced in this profile. Both soils occurred on 
the Wolf Creek terrace in Tama County, Iowa, dated at 2,080 
years BP. Landscape age and pédologie development have also 
been studied in detail on other areas (Ruhe and Scholtes, 1956; 
Ruhe, Rubin and Scholtes, 1957; Ruhe and Prior, 1970; Runge, 
Goh, and Rafter, 1973)« 
Other terraces which have been dated in Iowa indicate that 
alluvial deposits are relatively young. Tho npson Creek alluvi­
um in Harrison County is dated at 2,020 and L,800 years BP 
which is the approximate age of the Chariton River alluvium at 
1,830 years BP in Appanoose County. Soils wlich have developed 
in these deposits can be no older than the surface material. 
Chariton silt loam is poorly drained and strongly developed, 
yet it is no older than 2,100 years (Ruhe, Di.etz, Fenton and 
Hall, 1968; Daniels, Rubin and Simonson, I96I; Brewer and 
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Walker, I969). 
The question stands as to whether this date is valid or 
not. Only another date from the same terrace system can prove 
it. The Zwingle soils are found on poorly crained landscape 
position allowing the possibility of rapid pedogenesis. Illu-
viation rates are further enhanced by the v&st amount of clays 
available for transport, due to the very fire texture of 
original parent material. Depth to clay maximum is generally 
less than 24 inches indicating local movemert. Little illuvia-
tion of clay occurred below this depth as seen from petro-
micrographs of thin sections. Pedologicall} the Zwingle soils 
may be 2,460 years old. 
Major arguments against this age lie ir the relatively 
large elevation difference between the terrace surface and the 
present channel. At the northern edge of Iowa the terrace 
stands 75 feet above the present channel. It seems difficult 
to believe that the Mississippi River had cut so deep into its 
channel since 510 years BC. However, the relationship between 
terrace and channel elevation shows that erosion has been 
greater farther from base level (Figure 52). Terrace height 
above the channel rapidly decreases with distance down channel 
(Table 12). Downcutting has been severe and becomes more 
severe farther up channel. 
Channel base level working its way up stream may have been 
sufficient to erode the bed from 42 to 74 feet deep over a 
distance of 133 miles. Concentrating downcutting over an 
Terrace surface 
Base of clay sediments 
m 650 • 
n 
Mississippi River channel 
Ml (D 
ft) 
rt 
600-
5504-
0 40 20 60 80 140 100 120 
Channel distance (miles) 
Figure 52. Elevation of terrace system in relation to present Mississippi 
River channel 
136 
Table 12, Approximate elevations for terraces in relation to 
present Mississippi River channel 
Elevation (ft) 
Channel Terrace 
Terrace 
height 
(ft) 
Channel 
distance 
(miles) 
Channel 
width 
(miles) Location 
625 700 75 3 4 . 0  New Albin -
core 1 
615 680 65 43 1 . 3  McGregor -
core 6 
610 671 61 57 1 . 8  Guttenburg -
core 10 
603 656 53 91 1 . 2  Sageville, 
Dubuque County 
595 647 52 109 1 . 5  Belleview -
cores 11 & 12 
585 . 635 50 128 2 . 0  Union - cores 
15-23 
583 626 43 136 1 . 8  Elk River Jet. -
Cores 24-32 
unstable steep gradient of 0.557 feet/mile in this stretch may 
result in the more stable O.3I6 feet/mile gradient of the 
present channel formed within 2,460 years. Thickness of clay 
sediments appears to be controlled by elevation of underlying 
lithologies. 
Other dating methods include vertisol turnover rate 
(Abedine, Robinson and Commissaris, 1971) and the uranium/ 
thorium ratio. Sedimentary deposits leach uranium faster than 
thorium from lime of deposition, thus providing an index to 
age (Hansen, 1970). 
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SUMMARY 
Portions of a high elevation terrace system along the 
Mississippi River were analyzed in detail in this study. 
Geological sedimentation processes which created the ancient 
floodplain were separated from pedogenic processes which modi­
fied it from the time of deposition. Systematic changes in 
climate, parent material, and pedon position within tribu­
taries have resulted in interrelated soil continua. 
Source material of the red clays comprising the terraces 
probably came from glacial lake Aitkin located in the head 
waters of the Mississippi River. During late pleistocene 
time the Superior Lobe of the Wisconsin glaciation underwent 
a series of pulses. Each time it retreated, a basin was formed 
at the glacier's edge which created a lake. Local red lacus­
trine sediments were then texturally sorted during lake deposi­
tion. Readvancement of the Superior Lobe brought about in­
corporation of the lacustrine sediments into the glacier with 
resulting deposition of characteristically red till. Outwash 
laden with red clays underwent further sortation with deposi­
tion in glacial lake Aitkin. Bedrock rebound, after glacial 
retreat, raised the Mississippi River head v/aters to a higher 
elevation above base level. This caused the river to downcut, 
eroding the lacustrine sediments. Suspended red clays were 
then carried down channel by turbulent waters. During annual 
flooding, waters invaded tributaries where turbulence 
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diminished. Sedimentation of clays occurred as waters were 
removed by evaporation, percolation through the soil mantle, 
and back to the main channel. This is estimated to have oc­
curred about 2,460 years before present by radiocarbon dating. 
Since then continual bedrock rebound has caused the Mississippi 
River to entrench its channel from 43 feet at Clinton to 75 
feet at the northern Iowa border. 
Terraces within the system represented by Zwingle soils 
were studied in detail on the Iowa side of the Mississippi 
River between Clinton and the southern Minnesota border. Un­
disturbed cores were taken by hydraulic drilling from most 
terraces found within the study area. Terraces from two tribu­
taries were further transected in regular intervals increasing 
with distance away from the main channel, Most sites were 
drilled to the underlying lithologie discontinuity, although 
several were terminated at the base of the solum. Samples for 
laboratory determinations were removed in 6 inch increments 
beginning at the surface. Selected samples were then analyzed 
for particle size distribution, Fe, Mn, P, Ca, Mg, reaction, 
mineralogy, and total carbon. 
Terraces traversed within the two tributaries were recon­
structed to show the genesis of their growth. Depositions 
within the tributaries were sequenced between intervals of 
erosion within 1.3 miles of the present channel. Farther in­
land sediments are of more uniform deposition indicating that 
they were beyond the influence of channel scour and turbulence. 
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Depositional features modified initial parent material of 
terraces. Texture became finer with increasing distance down 
channel. Coarser particles were sedimented out more rapidly 
than fines which were carried farther down channel in suspen­
sion. Coarse, medium and fine clays increase in percentage 
with distance south, whereas very fine silt and total silt 
decreased. 
Differences in initial parent material influenced rate of 
soil development and resulting morphology. Soil reaction in­
creases with distance south throughout the solum. Total clays 
reach greater maximums in the B2 horizons of southern profiles 
than those farther to the north. Depth to clay maximum de­
creases with distance south. Parent material is higher in 
total clay for southern profiles to result in more restricted 
drainage and a shallower deposition of illuviated clays. 
Exchangeable calcium reaches minimums in northern profile 
surface horizons. Calcium increases in both depth and distance 
south throughout the north-south traverse soils. 
Exchangeable magnesium follows similar distributional 
patterns, although maximums are generally attained at shallower 
depths. Combining both as the Ca/Mg ratio indicates that soils 
found on these terraces have undergone modification to a depth 
of 57 inches. 
Free iron distribution is evidence that pedogenic proc­
esses may be interrelated to other systems associated with 
channel deposition. Reduction in free iron occurs midway along 
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the north-south traverse indicating a modification of weather­
ing or sedimentation environments. Free manganese follows 
similar distributional patterns. 
Traverses within individual tributaries denote local 
morphological continua. Solum reactions are more acid for 
pedons closely associated with truncated terrace edges. More 
alkaline profiles are encountered near the uplands. This is 
due to the movement of local ground water, charged with carbon­
ates, through the terrace system. Better drainage near the 
eroded terrace edge provides for stronger profile development. 
Textural variations also occurred among the tributary 
traverses. Coarse clay was found to be greater at the base of 
cores taken from the center of these traverses than in the 
surface or at both ends. 
Medium clay is also greater for center traverse profiles. 
Fine and total clay, however, display pedogenic illuviations 
which are similar among the traverse soils. 
Free iron decreases in the center profiles along both 
tributary traverses. Pedons near the terrace edge are 
oxidized and better drained than those more highly influenced 
by the local watertable near the uplands. Soils occurring 
between the two conditions are fluctuating between wet and 
dry more frequently, therefore enhancing iron concretion forma­
tion and particle size breakdown. 
Available phosphorus has a characteristically mollic 
distribution in a predominantly alfisolic Zwingle soil. Forest 
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influence is strongly expressed by reaction, clay, silans, 
cutans and other morphologic parameters. It is believed that 
the original slack water clays were low in phosphorus at the 
time of deposition, thus decreasing availability and inhibit­
ing the creation of typical distributional patterns. 
Soils found on the terraces are generally red, brown or 
gray, depending on the state of the iron. Well oxidized red 
soils and poorly drained unoxidized gray soils are both lower 
in free iron than brown solums. Brown soils are representing 
. a gradational continuum between red and gray, with individual 
profiles located in various positions along the spectrum. 
Clay mineralogy differs between the A2 and B2 horizons. 
The abundance of differing clay lattice types decreases in the 
zone of eluviation with kaolinite predominating and increases 
in the B2 horizon with montmorillonite, illite, and kaolinite 
dominating. 
Illuviation of clays to form cutans, identified on primary 
peds from thin sections, offers supporting evidence that pres­
ent Zwingle series morphology is the result of pedogenic 
processes and not a depositional sequence of differing 
materials. 
Zwingle soils are relatively young, owing their well 
developed morphologies to poor drainage and fine textured 
parent materials. Similar genesis has been attributed to other 
soils of comparable age and development in Iowa. 
Moist soil environments with sufficient clay available 
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for illuviation will result in rapidly forming dia^ostic 
horizons. 
Soils found on the terraces can be stratified into several 
groups with differing characteristics. Color is presently be­
ing used to separate soil individuals in the field. Solums 
with red B2 horizons are mapped as Zwingle and separated from 
two other groups distinguished as gray and brown. Prelimin­
ary laboratory studies indicate that differences may occur 
among the soils with pH, free iron, available phosphorus, and 
clay distribution. 
Further stratification can be made on the basis of tex­
ture. Zwingle soils may have horizons with 70 percent clay 
or less, providing the upper 20 inches of the Bt horizon does 
not average greater than 60 percent. A total of 26 of the 33 
terrace cores measured for particle size analysis in this study 
exceeded 70 percent clay in the solum. All of these profiles 
would not fit within the Zwingle series classification 
framework. 
Depth to clay maximum can be another useful criterion 
for separating series. Clay maximums occur more frequently 
close to the surface among the terrace soils than at 
greater depths. Delineation between shallow and deep 
clay maximums could be arbitrarily established at approxi­
mately 15 inches. This generally would separate solums 
with clay maximums in the A horizon from those in the 
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B horizon. The 15 inch demarcation point is arbitrarily 
established and pending further decision due to the varying 
A2 horizon depths among the solums. 
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EPILOGUE 
Several things could have made this study more complete 
if the project had been expanded. The study area itself was 
confined to very small boundaries. Complete analysis of the 
terrace system would have included the length of the Missis­
sippi River on both sides. Gross systematics indicative of 
the entire system may not have been found in the small study 
area. 
Sediments comprising the terrace system should be traced 
to their source in Minnesota. Mineralogical and textural 
changes should be worked back up channel by a series of cores 
to determine if sediments of glacial lake Aitkin II and till 
from the Superior Lobe were the original source of the red 
clays. 
Detailed studies should be conducted to determine the 
characteristics of similar terrace systems. Other terraces 
of red fine textured slack water clay have equivalent morpho­
logical profiles which can be mistaken for the Zwingle system. 
Taxonomic classification of these soils into the series es­
tablished is permissible if their morphologies are equivalent. 
Preliminary work done in this study indicates that differences 
do occur. Phosphorus and elevation discrepancies are prevalent 
with possible differences in age, parent material, underlying 
lithclcgy and micromor-puolog^. 
A more extensive study of this terrace system should 
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include a relationship of channel width to terrace size and 
abundance. Preliminary findings indicate that geomorphology 
may be controlled by channel width, but it needs to be quanti­
fied. Slack water sediment thicknesses also need to be char­
acterized to depositional regimes. 
Further work needs to be done to evaluate the influence 
of underlying lithologies on pedogenic processes. Sediments 
over sand will develop differing profiles than when underlain 
by silts. Actual changes evolved need to be quantified. 
During the course of this study several things were done 
that shouldn't have been. Primarily, terraces not included 
in the Zwingle system were sampled as a result of an incomplete 
preliminary study. Possibly, the best way to avoid this prob­
lem in future terrace studies is to establish a gradient from 
known terrace positions and compare calculated elevations to 
actual height. This will facilitate separation of morpho­
logically similar terraces. 
Complete mathematical modeling should have been done but 
wasn't. Equational representation of all parameters of even 
moderate significance should have been included. However, 
time for development was prohibitive. 
Soil moisture and hydrological data should have been 
obtained. Moisture regimes corresponding to morphologies 
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Placement of soil moisture cells or wells in three dimensional 
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traverses to include distance down channel, distance away 
from the channel, and depth with monthly recordings would 
have provided the necessary hydrological data. 
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APPENDIX A» ZWINGLE PROFILE DESCRIPTIONS 
The following soil descriptions are those representing 
diagnostic characteristics of Zwingle soils. These are pro­
files which are considered modal concepts of several particu­
lar criterion. Many other profiles of similar morphologies 
were described in the process of field research, but did not 
merit inclusion. 
Laboratory data for these profiles can be found in later 
Appendices. Relative location positions to other sites within 
the terrace system are in several preceding figures. 
Parameters used in the descriptions are defined by the 
Soil Survey Staff (1951)* Colors were determined by Munsell 
Soil Color Charts on moist samples. Depth and abundance of 
carbonates were established with a 1:10 dilution of hydro­
chloric acid and water. 
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Profile 1 
location: 
Natural drainage» 
Parent materiali 
Slopet 
Depth 
Horizon (in. ) 
AP 
A2 
B21t 
0-7 
7-12 
12-17 
B22t 17-25 
B23t 25-31 
B24tg 31-38 
jO-4D 
mi, SW^, Sec 21, TlOON, R4W, Allamakee 
County, Iowa 
Poorly drained 
Alluvial sediments over loess, above sand 
1 percent, convex, west 
Description 
Grayish brown (lOYR 5/2) silt loam; weak 
fine granular structure; very friable ; neu­
tral; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) silty clay loam; 
moderate fine platy structure, very friable, 
very strongly acid; abrupt smooth boundary. 
Light brownish gray (lOYR 6/2) clay; few 
fine prominent yellowish brown (lOYR 5/6) 
mottles; moderate fine subangular blocky 
structure; friable; very strongly acid, 
gradual smooth boundary. 
Brown (lOYR 4/3) clay; strong fine sub-
angular blocky structure, very firm; thick 
continuous clay skins; extremely acid; 
gradual smooth boundary. 
Brown (7.5YR 5/2) silty clay; few fine 
prominent black (lOYR 2/1) mottles; strong 
fine subangular blocky structure; extremely 
firm; thick continuous clay skins; strongly 
acid; gradual smooth boundary. 
Grayish brown (lOYR 5/2) silty clay; common 
coarse distinct yellowish red (5YR 4/6) 
mottles; strong fine subangular blocky 
structure; extremely firm; thick continuous 
clay films; strongly acid; clear smooth 
boundary. 
Brown (lOïK 5/3) silty clay loam; common 
coarse distinct very pale brown (lOYR 7/4) 
and black (lOYR 2/1) mottles; strong 
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moderate subangular blocky structure ; very 
firm; continuous clay skins; medium acid; 
clear smooth boundary. 
B26t 46-50 Light brown (7.5YR 6/4) silty clay; common 
coarse fine pale brown (lOYR 6/3) mottles; 
strong medium subangular blocky structure; 
ve^ firm; continuous clay skins; slightly 
acid; clear smooth boundary. 
B3t 50-61 Brown (lOYR 4/3) silty clay; few fine dis­
tinct reddish brown (5ÏR 4/3) mottles; 
strong medium angular blocky structure; very 
firm; discontinuous clay skins with organic 
matter; neutral; abrupt smooth boundary. 
IICl 61-64 White (lOYR 8/1) silt loam; few fine promi­
nent reddish yellow (5YR 6/8) mottles; mas­
sive; friable; abundant ferro magniferous 
pedotubules; moderately alkaline; abrupt 
smooth boundary. 
IIIGl 64-68 Brown (?.5YR 4/4) silty loam loam; few fine 
prominent strong brown (7.5ÏR 5/8) mottles; 
massive; firm; moderately alkaline; abrupt 
smooth boundary. 
IVCl 68-69 White (lOYR 8/1) silt; few fine prominent 
yellow (lOYR 7/6) mottles; massive; very 
friable; moderately alkaline; abrupt smooth 
boundary. 
VCl 69-71 Dark brown (lOYR 3/3) silty clay; few fine 
prominent yellowish red (5YR 4/6) mottles ; 
massive; firm; organic matter present; neu­
tral; abrupt smooth boundary. 
VICl 71-78 White (lOYR 8/1) silt; common coarse fine 
yellow (lOYR 7/6) mottles; massive; very 
friable, few fine iron concretions with 
organic matter, moderately alkaline; abrupt 
smooth boundary. 
VIICl 78-87 Dark brown (lOYR 3/3) silty clay; common 
coarse prominent yellowish brown (lOYR 5/6) 
mottles; massive; firm; common fine calcium 
carbonate and iron concretions; highly cal-
r» o 11 o . 
boundary. 
Tnry 1 
a-juju-a.^ xiic ; <a.ux'up b wmuu Oil 
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VIIICl 87-IO3 White (lOYR 8/1) silt loan; common coarse 
prominent brownish yellow (lOYR 6/8) mottles; 
very friable; common fine calcium carbonate 
and iron concretions; highly calcareous; 
moderately alkaline; abrupt smooth boundary. 
IXCl 103+ Brownish yellow (lOYR 6/8) sand; common 
coarse distinct white (lOYR 8/1) mottles; 
massive; very friable ; slightly alkaline. 
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Profile 2A 
Location» 
Natural drainagei 
Parent material; 
SlopeI 
Depth 
Horizon (in.) 
Ap 
A1 
A2 
B21t 
B22t 
0-6 
6-8 
8-13 
13-18 
18-21 
B23t 21-29 
B24t 29-35 
SE^, NW^, Sec 5t T98N, R3W, Allamakee County, 
Iowa 
Poorly drained 
Alluvial sediments over loess at 7 feet 
2 percent, convex, west 
Description 
Dark gray (lOYR 4/1) silty clay loam; mod­
erate fine granular structure; very friable ; 
neutral; abrupt smooth boundary. 
Dark gray (lOYR 4/1) silty clay loam; mod­
erate fine subangular blocky structure; 
friable; neutral; abrupt smooth boundary. 
Brown (lOYR 5/3) clay; few fine faint white 
(lOYR 8/1) mottles; strong fine subangular 
blocky structure; friable ; extremely acid; 
abrupt smooth boundary. 
Brown (lOYR 5/3) clay; strong fine subangu­
lar blocky structure; firm, very strongly 
acid; gradual smooth boundary. 
Brown (lOYR 5/3) silty clay; few fine faint 
yellowish brown (lOYR 5/6) mottles; strong 
fine subangular blocky structure; very firm; 
thick continuous clay films; extremely acid; 
gradual smooth boundary. 
Reddish brown (5YR 5/4) silty clay; common 
coarse fine brown (lOYR 5/3) mottles; strong 
medium subangular blocky structure; extreme­
ly firm; thick continuous clay films; very 
strongly acid; gradual smooth boundary. 
Reddish brown (5YR 5/^) silty clay; few fine 
faint light yellowish brown (lOYR 6/4) 
mottles; strong medium subangular blocky 
structure; extremely firm; thick continuous 
clay films; strongly acid; gradual smooth 
boundary. 
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B25t 35-41 
B26tg 41-53 
B31 53-60 
IIB32 60-66 
IIICl 66-75 
IVCl 75-80 
VCl 80-90 
VICl 90-
Dark brown (7.5ÏR 3/2) silty clay; common 
fine faint very pale brown (lOYR 7/4) 
mottles; strong medium subangular blocky 
structure; very firm; continuous clay 
skins; medium acid; gradual smooth boundary. 
Grayish brown (lOYR 5/2) silty clay; common 
coarse distinct light yellowish brown (10 
YR 6/4) mottles; moderate medium subangular 
blocky structure; very firm; organic and 
clay coatings on peds; mildly alkaline; 
clear smooth boundary. 
Brown (lOYR 5/3) silty clay; common fine 
prominent white (lOYR 8/1) mottles; weak 
medium subangular blocky structure; very 
firm; discontinuous clay skins on major 
fractures; few fine calcium carbonate con­
cretions; moderately alkaline; abrupt smooth 
boundary. 
Brown (7.5YR 5/4) silty clay loam; common 
coarse distinct light yellowish brown (10 
YR 6/4) mottles; weak medium prismatic 
structure; friable ; common fine calcium 
carbonate concretions; highly calcareous; 
moderately alkaline; abrupt smooth boundary. 
Brown (lOYR 4/3) silty clay; common coarse 
distinct very pale brown (lOYR 8/3) mottles; 
massive ; firm; few fine calcium carbonate 
concretions;, moderately alkaline; abrupt 
smooth boundary. 
Dark yellowish brown (lOYR 4/4) silt loam; 
few fine prominent white (lOYR 8/1) mottles; 
massive; friable; few fine calcium carbonate 
concretions; highly calcareous; moderately 
alkaline; abrupt smooth boundary. 
Yellowish brown (lOYR 5/4) silty clay; few 
fine distinct black (lOYR 2/1) mottles; mas­
sive; firm; organic matter present; highly 
calcareous; moderately alkaline; abrupt 
smooth boundary. 
Very pale brown (lOYR 8/4) silt loam; few 
coarse faint white (lùïK 8/1) mottles; mas­
sive; friable; common fine calcium carbonate 
concretions; highly calcareous; moderately 
alkaline; abrupt smooth boundary. 
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Profile 2B 
location: 
Natural drainage» 
Parent material; 
Slope: 
Depth 
Horizon (in.) 
Ap 
A2 
B21t 
B22t 
B23t 
0-6 
6-12 
12-16 
16-24 
24-24 
IIB31 34-40 
IIIB32g 40-48 
NEi, swi, Sec 5, T98N, R3W, Allamakee 
County, Iowa 
Poorly drained 
Alluvium over loess at 4 ft 
2 percent, convex, south 
Description 
Dark gray (lOYR 4/1) silty clay; moderate 
fine subangular blocky structure; friable ; 
neutral; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
subangular blocky structure; friable ; 
strongly acid; abrupt smooth boundary. 
Brown (lOYR 5/3) clay; strong fine subangu­
lar blocky structure; firm; extremely acid; 
gradual smooth boundary. 
Brown (?.5YR 5/2) clay; strong fine sub-
an^lar blocky structure; extremely firm; 
thick continuous clay films on peds; ex­
tremely acid; gradual smooth boundary. 
Reddish brown (5YR 5/3) clay; few fine faint 
dark grayish brown (lOYR 4/2) mottles; 
strong fine subangular blocky structure; 
extremely firm; thick continuous clay skins 
on peds; very strongly acid; gradual smooth 
boundary. 
Brownish yellow (lOYR 6/6) clay; few fine 
prominent black (lOYR 2/1) mottles of or­
ganic matter; weak fine platy structure; 
friable; neutral; abrupt smooth boundary. 
Dark grayish brown (lOYR 4/2) silt loam; 
strong medium subangular blocky structure; 
firm: moderately alkaline; abrupt smooth 
boundary. 
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Grayish brown (lOYR 5/2) silt loam; common 
coarse faint yellow (lOYK 7/6); massive; 
friable; few fine particles of organic 
matter; highly calcareous; moderately al­
kaline; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay loam; massive; 
firm; abundant snail shells; highly cal­
careous ; moderately alkaline; abrupt smooth 
boundary. 
Light brownish gray (2.5Y 6/2) silt loam; 
common fine faint brownish yellow (lOYR 6/6) 
mottles; massive friable; highly calcareous; 
moderately alkaline; abrupt clear boundary. 
Brown (7.5YR 4/4) silty clay; common fine 
faint pale brown (lOYR 6/3) mottles; massive 
firm; highly calcareous; moderately alka­
line; abrupt smooth boundary. 
Very pale brown (lOYR 7/4) silt loam; common 
coarse distinct reddish brown (5YR 4/4) 
mottles; massive; friable ; highly calcare­
ous; moderately alkaline; abrupt smooth 
boundary. 
Yellowish brown (lOYR 5/4) silt loam; common 
coarse distinct light grayish brown (2.5Y 
6/2) mottles; massive; friable ; common fine 
calcium carbonate concretions; highly cal­
careous; moderately alkaline; abrupt smooth 
boundary. 
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Profile 4C 
Locations 
Natural drainage: 
Parent material: 
Slope : 
Depth 
Horizon (in.) 
Ap 
A21 
A22 
B21t 
0-7 
7-12 
12-17 
17-29 
B22t 29-33 
B23t 33-38 
IIB24tg 38-41 
NWt. NW^, Sec 8, T98N, R3W, Allamakee 
County, Iowa 
Poorly drained 
Alluvial sediments over loess 
3 percent, convex, east 
Description 
Black (lOYR 2/1) silty clay; strong fine 
granular structure; friable ; slightly acid; 
abrupt smooth boundary. 
Dark gray (lOYR 4/1) clay; strong fine sub-
angular blocky structure; friable; very 
strongly acid; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
subangular blocky structure; very strongly 
acid: gradual smooth boundary. 
Reddish brown (5YR 5/3) clay; few fine 
faint very dark grayish brown (lOYR 3/2) 
mottles; strong fine subangular blocky 
structure; extremely firm; very strongly 
acid; gradual smooth boundary. 
Brown (lOYR 5/3) clay; few fine prominent 
black (lOYR 2/1) mottles; strong fine sub-
angular blocky structure; extremely firm; 
clay skins; medium acid; gradual smooth 
boundary. 
Reddish brown (5YR 5/4) silty clay; few 
coarse faint brown (lOYR 4/3) mottles ; 
strong fine angular blocky structure; thick 
continuous clay skins; extremely firm; 
neutral; gradual smooth boundary. 
Light brownish gray (5Y 6/2) clay; common 
coarse prominent strong brcv/n (7.5%% 5/6) 
mottles; weak fine platy structure; friable ; 
thin discontinuous clay films; mildly alka­
line; gradual smooth boundary. 
169 
IIIB25t 41-45 
IIIB3 45-51 
IVCl 51-56 
VCl 56-86 
VCl 86-90 
VIICl 90-94 
VIIICl 94-108 
IXCl 108-114 
Light reddish brown (5YR 6/4) silty clay; few 
fine prominent black CLOYR 2/1)organs; strong 
fine subangular blocky structure; very firm; 
continuous clay skins; highly calcareous; 
mildly alkaline; gradual smooth boundary. 
Reddish gray (5YR 5/2) silty clay; common 
coarse prominent white (lOYR 8/1) mottles ; 
weak medium subangular blocky structure; 
firm; discontinuous clay films on major 
fractures; highly calcareous; mildly alka­
line; abrupt smooth boundary. 
Light brownish gray (2.5Y 6/2) silty clay 
loam; few fine distinct dark brown (7 .5YR 
4/4) mottles; massive; friable; highly cal­
careous ; moderately alkaline; abrupt smooth 
boundary. 
Grayish brown (2.5Y 5/2) clay loam; common 
coarse prominent brown (lOYR 5/3); few fine 
prominent black (lOYR 2/1); and yellow (lOYR 
7/6) mottles; massive; friable; common fine 
calcium carbonate concretions, and organic 
matter; highly calcareous; moderately alka­
line; abrupt smooth boundary. 
Reddish brown (5YR 5/4) silty clay common 
coarse distinct black (lOYR 2/1) mottles ; 
massive; friable; highly calcareous; mod­
erately alkaline; abrupt smooth boundary. 
Light brownish gray (2.5Y 6/2) silt loam; 
common fine faint brownish yellow (lOYR 
6/8) mottles; massive ; friable; highly cal­
careous; moderately alkaline; abrupt smooth 
boundary. 
Reddish brown (5YR 4/3) silty clay; common 
fine prominent black (lOYR 2/1) mottles; 
massive, firm; highly calcareous; moderately 
alkaline; abrupt smooth boundary. 
Brown (lOYR 4/3) silt loam; few fine faint 
brown (7.5YH 5/4) mottles; massive; firm; 
common fine calcium carbonate concretions 
and organic matters highly calcareous; 
moderately alkaline; abrupt smooth boundary. 
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XCl 114-120 Yellowish red (5YR 5/6) silty clay; banded 
white (lOYR 8/1) mottles; massive; firm; 
common fine calcium carbonate concretions; 
highly calcareous; moderately alkaline; 
abrupt smooth boundary. 
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Profile ^  
Locations 
Natural drainage; 
Parent material: 
Slope I 
Depth 
Horizon (in.) 
Ap 
A21 
A22 
B21t 
B22t 
B3 
0-7 
7-15 
15-20 
20-25 
25-29 
29-33 
SEï, NE4, Sec 14, T97N, l i j f l ,  Allamakee 
County, Iowa 
Poorly drained 
Alluvial sediments over loess 
4- percent, convex, south 
Description 
Brown (lOYR 4/3) silty clay; medium fine 
granular structure; friable; neutral; abrupt 
smooth boundary. 
Yellowish brown (lOYR 5/4) silty clay; few 
fine faint dark gray (lOYR 4/1) mottles; 
strong fine subangular blocky structure; 
friable; strongly acid; abrupt smooth 
boundary. 
Light yellowish brown (lOYR 6/4) clay; 
strong fine subangular blocky structure; 
friable; extremely acid; gradual smooth 
boundary. 
Brown (lOYR 5/3 ) clay; strong medium sub-
angular blocky structure; very firm; thick 
continuous clay skins; extremely acid; 
gradual smooth boundary. 
Brown (7.5YR 5/^) clay; few fine faint 
light brownish gray (lOYR 6/2) mottles; 
strong medium subangular blocky structure; 
extremely firm; thick continuous clay films; 
extremely acid; gradual smooth boundary. 
Brown (7 .5YR 5/2) silty clay loam; coarse 
yellow (lOYR 7/6) bands; weak moderate sub-
angular blocky structure; friable; thin 
discontinuous clay films on major fractures, 
clay charged with organic matter; strongly 
acid; abrupt smooth boundary. 
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IICl 33-38 Brownish yellow (lOYR 6/6) silt loam; com­
mon fine prominent white (1ÔYR 8/1) mottles; 
massive; friable ; very strongly acid; gradu­
al smooth boundary. 
IIC2 38-42 Brown (7*5YR 5/^) silt loam; common coarse 
prominent white (lOYR 8/1) and few fine 
faint black (lOYR 2/1) mottles; massive ; 
friable; charged with organic matter; very 
strongly acid; gradual smooth boundary. 
ITC3 42-48 Brown (7»5YR 5/4) silt loam; common coarse 
faint light gray (lOYR 6/1) mottles; massive; 
friable; mildly alkaline; gradual smooth 
boundary. 
IIC4 48-72 Yellowish brown (lOYR 5/4) silt loam; 
massive; friable ; medium acid; abrupt smooth 
boundary. 
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Profile 6 
Location» 
Natural drainage: 
Parent materiali 
Slope: 
Depth 
Horizon (in. ) 
Ap 
A21 
0-7 
7-13 
A22 13-17 
B21t 17-28 
B22t 28-33 
B23t 33-39 
NEi, NEt, Sec 21, T9^N, R3W, Clayton 
County, Iowa 
Moderately well drained 
Alluvial sediments above loess on sand 
2 percent, convex, north 
Description 
Dark grayish brown (lOYR 4/2) clay; weak 
fine subangular blocky structure; friable; 
neutral; abrupt smooth boundary. 
Yellowish brown (lOYR 5/4) silty clay; 
strong fine subangular blocky structure; 
friable; very strongly acid; abrupt smooth 
boundary. 
Light brownish gray (lOYR 6/2) silty clay; 
common coarse faint brown (7.5YR 5/4) 
mottles; strong fine subangular blocky 
structure; friable; extremely acid; abrupt 
smooth boundary. 
Yellowish brown (lOYR 5/^) silty clay; com­
mon medium faint light brown (7.5YR 6/4) 
mottles; strong fine subangular blocky 
structure; very firm; thick continuous clay 
films; extremely acid; gradual smooth 
boundary. 
Reddish brown (5YR 5/^) clay; common fine 
faint gray (7.5YR 6/1) mottles; strong fine 
subangular blocky structure; very firm; 
thick continuous clay films; very strongly 
acid; gradual smooth boundary. 
Light reddish brown (5YR 6/4) silty clay; 
common fine prominent very dark brown (lOYR 
2/2) mottles; strong fine subangular blocky 
structure; very firm; thick continuous clay 
filins on pads; strongly acid; gradual smooth 
boundary. 
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B24tg 39-50 
B3 50-52 
IICl 52-54 
IIICl 
IVCl 
VCl 
VICl 
5^-56 
56-58 
58-61 
61-92 
VIICl 92-96 
Light brownish gray (2.5Y 6/2) silty clay; 
common coarse faint brown (7.5YR 5/4) mot­
tles; medium moderate subangular blocky 
structure; firm; discontinuous clay films; 
few fine iron concretions and organic 
matter; slightly acid; gradual smooth 
boundary. 
Reddish brown (5YR 5/^) silty clay; few 
fine prominent black (lOYR 2/1) mottles of 
organic matter; weak medium subangular 
blocky structure; firm; mildly alkaline; 
abrupt smooth boundary. 
White (lOYR 8/1) silt loam; few fine faint 
brownish yellow (lOYR 6/6) mottles; massive; 
friable; few fine iron concretions; slightly 
calcareous; mildly alkaline; abrupt smooth 
boundary. 
Reddish brown (5YR 4/4) silty clay; massive; 
firm; slightly calcareous; mildly alkaline; 
abrupt smooth boundary. 
Light yellowish brown (lOYR 6/4) silt loam; 
massive; friable ; highly calcareous; mildly 
alkaline; abrupt smooth boundary. 
Brown (lOYR 4/3) silty clay; massive; firm; 
few fine calcium carbonate concretions; 
highly calcareous; mildly alkaline; abrupt 
smooth boundary. 
Brown (7.5YR 5/^) silt loam; common coarse 
prominent light brownish gray (2.5Y 6/2) 
mottles; massive; friable ; highly calcare­
ous; mildly alkaline; abrupt smooth 
boundary. 
Reddish brown (5YR 5/3) sand; massive; 
friable; common fine calcium carbonate con­
cretions; slightly calcareous; mildly 
alkaline. 
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Profile 10 
Location: 
Natural drainage; 
Parent material: 
Slope: 
Depth 
Horizon (in. ) 
A1 
A21 
A21 
B21t 
B22t 
0-6 
6-12 
12-17 
17-27 
27-34 
323t 34-40 
B24t 40-47 
NEi, mi, Sec 20, T92N, R2W, Clayton 
County, Iowa 
Poorly drained 
Alluvial sediments over loess 
1 percent, convex, west 
Description 
Dark grayish brown (lOYR 4/2) silty clay 
loam; medium fine granular structure; 
friable ; neutral; abrupt wavy boundary. 
Dark brown (7 .5YR 3/2) silty clay loam; 
moderate fine platy structure; friable ; 
strongly acid; abrupt smooth boundary. 
Brown (lOYR 4/3) silty clay loam; moderate 
fine platy structure; friable; strongly 
acid; abrupt smooth boundary. 
Brown (7 .5YR 5/^) clay; strong fine sub-
an^lar blocky structure; extremely firm; 
thick continuous clay films; very strongly 
acid; gradual smooth boundary. 
Brown (7.5YR 5/4) silty clay; common coarse 
faint light yellowish brown (lOYR 6/4) 
mottles; extremely firm; thick continuous 
clay films; medium acid; gradual smooth 
boundary. 
brownish yellow (lOYR 6/6) silty clay; com­
mon coarse faint yellowish brown (lOYR 5/4) 
mottles; strong fine subangular blocky 
structure; very firm; thick continuous red­
dish brown (5YR 4/4) clay skins on peds; 
neutral; gradual smooth boundary. 
Dark yellowish brown (lOYR 4/4) silty clay; 
thin yellow (lOYR 8/6) silt bands? medium 
moderate subangular blocky structure; firm; 
discontinuous clay films; mildly alkaline, 
gradual smooth boundary. 
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B31 ^7-59 Dark brown (7.5YR 3/2) silty clay; many 
brownish yellow (lOYR 6/6) bands of silt; 
weak coarse prismatic structure; friable; 
few discontinous skins; few fine calcium 
carbonate concretions; highly calcareous; 
moderately alkaline; gradual smooth 
boundary. 
B32 59-71 Brown (lOYR 4/3) silty clay; few brownish 
yellow (lOYR 6/6) silt bands; weak coarse 
prismatic structure; friable; few fine cal­
cium carbonate concretions; discontinuous 
clay films; highly calcareous; moderately 
alkaline; abrupt smooth boundary. 
lie 71-115 Yellowish brown (lOYR 5/^) silt loam; com­
mon coarse prominent light yellowish brown 
(lOYR 6/4) mottles; massive; friable; few 
fine calcium carbonate concretions; dis­
continuous clay films on major fractures; 
highly calcareous; moderately alkaline; 
abrupt smooth boundary. 
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Profile 12B 
Location: 
Natural drainage» 
Parent material; 
Slope t 
Depth 
Horizon (in.) 
Ap 
A2 
0-6 
6-13 
B21t 13-19 
B22t 19-29 
B23t 29-35 
B3I 35-40 
NE|, NWti Sec 2, T86N, R42, Jackson County, 
Iowa 
Moderately poorly drained 
Alluvial sediments over loess 
2 percent, convex, northeast 
Description 
Very dark brown (lOYR 2/2) silty clay; weak 
fine granular structure; friable; neutral; 
abrupt smooth boundary. 
Dark gray (lOYR 4/1) silty clay; few fine 
faint brownish yellow (lOYR 6/8) mottles; 
medium fine platy structure; friable ; ex­
tremely acid; abrupt smooth boundary. 
Very dark grayish brown (lOYR 3/2) clay; 
few fine faint yellowish brown (lOYR $ / 6 )  
mottles; strong fine subangular blocky 
structure; very firm; thick continuous clay 
films black (lOYR 2/1); very strongly acid; 
gradual smooth boundary. 
Yellowish brown (lOYR 5/4) clay; few fine 
faint brownish yellow (lOYR 6/8) mottles; 
strong fine subangular blocky structure; 
extremely firm; thick continuous grayish 
brown (lOYR 5/2) clay films; few fine 
manganese concretions; strongly acid; 
gradual smooth boundary. 
Brown (lOYR 5/3) silty clay; few fine faint 
brownish yellow (lOYR 6/8) mottles; strong 
fine subangular blocky structure; extremely 
firm; thick continuous brown (7.5^R 5/4) 
clay skins; few fine manganese concretions; 
slightly acid; gradual smooth boundary. 
Grayish brown (1ÛYR 5/2) clay; common coarse 
prominent light reddish brown (5YR 6/4) mot­
tles; strong fine subangular blocky struc­
ture; very firm; discontinuous gray (iOYR 
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6/1) clay skins; few fine manganese concre­
tions; mildly alkaline; gradual smooth 
boundary. 
B32 4^-46 Reddish brown (5ÏR 4/4) silty clay; moder­
ate fine subangular blocky structure; firm; 
discontinuous clay films on major fractures; 
few fine particles of organic matter; mod­
erately alkaline ; gradual smooth boundary. 
CI 46-54 Grayish brown (lOYR 5/2) clay; few fine 
distinct yellowish red (5YR 5/6) and common 
coarse prominent brown (7.5YR 5/2) mottles; 
massive; firm; moderately alkaline; abrupt 
smooth boundary. 
IICl 54-96 Gray (lOYR 6/1) silt loam; common fine 
prominent brown (7.5YR 4/4) mottles; massive; 
friable ; calcareous at'73 inches; moderately 
alkaline; abrupt smooth boundary. 
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Profile 15A 
Locations 
Natural drainaget 
Parent material: 
Slope: 
Depth 
Horizon (in. ) 
A1 
A2 
B21t 
0-5 
5-13 
13-22 
B22t 22-30 
B23t 30-37 
B31 37-43 
SE-i, NEI, Sec 1, T84N, r6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments 
1 percent, convex, east 
Description 
Very dark gray (lOYR 3/1) silty clay; mod­
erate fine subangular blocky structure; 
friable; neutral; abrupt wavy boundary. 
Grayish brown (lOYR 5/2) clay; weak fine 
platy structure; firm; very strongly acid; 
abrupt smooth boundary. 
Brown (lOYR 5/3) silty clay; few fine 
prominent yellowish brown (lOYR 5/8) mot­
tles; strong fine subangular blocky struc­
ture; very firm; thick continuous clay 
films; strongly acid; gradual smooth 
boundary. 
Brown (7.5YR 5/4) clay; few medium distinct 
light gray (7.5YR 7/1) mottles; strong fine 
subangular blocky structure; extremely firm; 
thick continuous pinkish gray (7.5YR 6/2) 
clay skins; medium acid; gradual smooth 
boundary. 
Brown (7.5YR 5/4) clay; few fine faint gray 
(lOYR 6/1) mottles; strong fine subangular 
blocky structure; very firm; thick continu­
ous reddish brown (5YR 5/4) clay films on 
peds; medium acid; gradual smooth boundary. 
Brown (lOYR 5/3) clay; common fine prominent 
strong brown (7.5YR 5/6) mottles; weak fine 
subangular blocky structure; firm; discon­
tinuous clay films on major fractures; few 
fine manganese concretions; medium acid; 
gradual smooth boundary. 
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Brown (lOYR 5/3) clay; common fine distinct 
brown (7.^YR 4/4) mottles; weak medium 
prismatic structure; firm; discontinuous 
clay films on major fractures; few fine 
manganese concretions; moderately alkaline; 
abrupt smooth boundary. 
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Profile 16B 
Location: 
Natural drainage» 
Parent material» 
Depth 
Horizon (in. ) 
Ap 0-4 
A21 
A22 
B21t 
4-8 
8-15 
15-24 
B22t 24-28 
B23t 28-34 
B24t 34-38 
SEi, NEt» Sec 1, T84N, R6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments above loess on sand 
Description 
Yery dark gray (lOYR 3/1) clay; few fine 
faint very dark grayish brown (lOYR 3/2) 
mottles; strong medium subangular blocky 
structure; friable ; neutral; abrupt smooth 
boundary. 
Brown (lOYR 5/3) clay; strong fine platy 
structure; friable ; very strongly acid; 
gradual wavy boundary. 
Dark gray (lOYR 4/1) clay; few fine faint 
brown (?.5YR 5/4) mottles; strong very 
fine platy structure; friable ; extremely 
acid; abrupt smooth boundary. 
Grayish brown (lOYR V2) clay; few fine 
faint brown (?.5YR 5/4) mottles; strong 
fine subangular blocky structure; very 
firm; thick continuous clay films; ex­
tremely acid; gradual smooth boundary. 
Grayish brown (2.5YR 5/2) clay; strong fine 
subangular blocky structure; extremely firm; 
thick continuous clay films; extremely acid; 
gradual smooth boundary. 
Brown (?.5YR 5/4) clay; few fine faint 
light brownish gray (2.5Y 6/2) mottles; 
strong fine subangular blocky structure; 
extremely firm; thick continuous clay films; 
strongly acid; gradual smooth boundary. 
Reddish brown (5YR 5/3) clay; few fine dis­
tinct black (lOYR 2/1) mottles of organic 
matter-; atxon^ fine subangular blocky struc­
ture; extremely firm; thick continuous clay 
films; strongly acid; gradual smooth 
boundary. 
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B25t 38-44 
B3 
IICl 
IIICl 
IVCl 
VCl 
VICl 
VIICl 
VIIICl 
IXCl 
44-50 
50-53 
53-57 
57-59 
59-60 
60-66 
66-69 
69-92 
92-
Reddish brown (5YR 4/3) clay; few fine 
prominent light gray (lOYR 7/1) and black 
(lOYR 2/1) mottles; strong fine subangular 
blocky structure; very firm; thick continu­
ous clay skins; strongly acid; gradual 
smooth boundary. 
Reddish brown (5YR 4/4) clay; common fine 
faint yellowish red (5YR 5/°) mottles; 
strong fine subangular blocky structure; 
firm; thin discontinuous clay films; 
strongly acid; abrupt smooth boundary. 
Light gray (lOYR 7/2) silty clay; massive; 
friable; medium acid; abrupt smooth 
boundary. 
Reddish brown (5YR 5/^) silty clay; massive ; 
firm; slightly acid; abrupt smooth boundary. 
Light gray (lOYR 7/2) silt loam; massive; 
friable; slightly acid; abrupt smooth 
boundary. 
Reddish brown (5YR 5/4) silty clay; massive; 
firm; slightly acid; abrupt smooth boundary. 
White (lOYR 8/1) silt loam; common coarse 
distinct yellow (lOYR 7/6) mottles; massive; 
friable; slightly acid; abrupt smooth 
boundary. 
Reddish brown (5YR 5/^) silty clay; massive; 
firm; neutral; abrupt smooth boundary. 
Light gray (lOYR 7/2) silt loam; common 
coarse prominent white (lOYR 8/1) mottles; 
massive; friable ; noncalcareous; slightly 
acid; abrupt smooth boundary. 
Light yellowish brown (lOYR 6/4) sand; 
massive; friable; noncalcareous; slightly 
acid. 
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Profile 170 
Location: 
Natural drainage* 
Parent material» 
Slope* 
Depth 
Horizon (in.) 
Ap 0-9 
A21 
A22 
9-16 
16-20 
B21t 20-29 
B22t 29-36 
B23t 36-41 
SEi, NE^, Sec 1, T84N, R6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments above loess on sand 
2 percent, convex, south 
Description 
Very dark brown (lOYR 2/2) silty clay; few 
common prominent very dark grayish brown 
(lOYR 3/2) mottles; strong medium sub-
angular blocky structure; friable; medium 
acid; abrupt smooth boundary. 
Gray (lOYR 5/1) clay; strong fine platy 
structure; friable; extremely acid; gradual 
smooth boundary. 
Olive gray (2,5Y 5/2) clay; strong fine 
platy parting to subangular blocky struc­
ture; friable; extremely acid; abrupt smooth 
boundary. 
Grayish brown (lOYR 5/2) clay; many coarse 
prominent pale brown (lOYR 6/3) mottles; 
strong medium subangular blocky structure; 
extremely firm; thick continuous clay films ; 
extremely acid; gradual smooth boundary. 
Brown (lOYR 5/3) clay; many fine faint 
brown (?.5YR 5/2) mottles; strong fine sub-
angular blocky structure; extremely firm; 
thick continuous clay films; strongly acid; 
gradual smooth boundary. 
Brown (7.5YR 5/3) clay; common fine promi­
nent black (1ÛYR 2/1) mottles of organic 
matter; strong fine subangular blocky struc­
ture; extremely firm; thick continuous clay 
films on peds; medium acid; gradual smooth 
bounuâ-î'^ . 
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Reddish "brown (5YR 5/4) clay; common coarse 
distinct very pale brown (lOYR 7/4) silt 
bands; weak fine subangular blocky struc­
ture; very firm; thick continuous clay 
films; slightly acid; gradual smooth 
boundary. 
Grayish brown (lOYR 5/2) silty clay; common 
coarse prominent light gray (lOYR 7/I) silt 
bands; weak medium prismatic structure; 
ve^ firm; discontinuous clay films on 
major fractures; mildly alkaline; abrupt 
smooth boundary. 
Grayish brown (lOYR 5/2) silty clay; few 
fine faint reddish brown (5YH 5/4) mottles; 
massive; very firm; mildly alkaline; abrupt 
smooth boundary. 
Brown (lOYR 4/3)silt loam; many coarse promi­
nent light gray (lOYR 7/1) mottles ; massive; 
friable; mildly alkaline; gradual boundary. 
Very pale brown (lOYR 8/4) silt loam; many 
coarse prominent white (lOYR 8/1) mottles; 
massive; friable ; mildly alkaline; gradual 
boundary. 
IIC3 92-120 Light gray (lOYR 7/1) silt loam; many coarse 
distinct yellow (lOYR 7/6) mottles; massive; 
friable ; highly calcareous at 108 inches; 
mildly alkaline; abrupt smooth boundary. 
IIIC4 120- Pale brown (lOYR 6/3) sand; massive; friable; 
highly calcareous; moderately alkaline. 
B24t 41-55 
B3 55-61 
CI 61-78 
IIGl 78-88 
IIC2 88-92 
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Profile 18D 
location* 
Natural drainages 
Parent material» 
Slopej 
Depth 
Horizon (in. ) 
Ail 
A12 
A2 
0-12 
12-16 
16-28 
B21t 28-32 
B22t 32-42 
B23t 42-48 
NEi, NEi, Sec 1, T84N, R6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial silts on slack water sediments on 
loess 
4 percent, concave, south 
Description 
Light yellowish brown (lOYR 6/4) silty clay; 
medium fine granular structure; very friable; 
very strongly acid; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
granular structure; very friable; extremely 
acid; abrupt wavy boundary. 
Dark grayish brown (lOYR 4/2) clay; few fine 
faint yellowish brown (lOYR 5/6) mottles; 
weak fine subangular blocky structure ; firm; 
extremely acid; abrupt smooth boundary. 
Very dark grayish brown (lOYR 3/2) clay; 
few fine distinct very pale brown (lOYR 7/4) 
mottles; medium fine subangular blocky struc­
ture; extremely firm; thick continuous clay 
films on peds; strongly acid; gradual smooth 
boundary. 
Brown (lOYR 5/3) clay; few fine faint yel­
lowish brown (lOYR 5/6) mottles; strong fine 
subangular blocky structure; extremely firm; 
thick continuous clay films; medium acid; 
gradual smooth boundary. 
Reddish brown (5YR 5/4) silty clay; few fine 
distinct black (lOYR 2/1) mottles of organic 
matter; strong fine subangular blocky struc­
ture; extremely firm; thick continuous clay 
skins: neutral: gradual «mocth bouridarj'. 
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B24t 48-56 Light gray (lOYR 7/2) clay; common coarse 
distinct brownish yellow (lOYR 6/8) and 
dark gray (lOYR 4/1) mottles; moderate fine 
angular blocky structure; extremely firm; 
thick continuous clay skins; abundance of 
organic matter; mildly alkaline; gradual 
smooth boundary. 
B25t 56-61 Brown (lOYR 5/3) clay; few fine prominent 
strong brown (7 .5YR 5/6) mottles; weak medi­
um prismatic structure; extremely firm; 
thick continuous clay skins; moderately 
alkaline; gradual smooth boundary. 
B3I 61-67 Reddish brown (5YR 5/4) clay; common fine 
distinct black (lOYR 2/1) mottles of or­
ganic matter; moderate fine subangular 
blocky structure, veiy firm; moderately 
alkaline; gradual smooth boundary. 
B32 67-72 Pink (5YR 7/4) clay; weak fine subangular 
blocky structure; firm; discontinuous clay 
films on major fractures; moderately alka­
line; abrupt smooth boundary. 
IICl 72-80 White (lOYR 8/2) silt loam; few fine promi­
nent brownish yellow (lOYR 6/8) mottles; 
massive; friable; highly calcareous; mod­
erately alkaline; abrupt smooth boundary. 
IIICl 80-84 Pale brown (lOYR 6/3) silty clay; common 
coarse fine very pale brown (lOYR 7/4) 
mottles; massive; firm; moderately alka­
line; gradual smooth boundary. 
IIIC2 84-92 Brown (lOYR 5/3) silty clay; common coarse 
distinct white (lOYR 8/1) bands; massive; 
firm; calcareous; moderately alkaline; 
abrupt smooth boundary. 
IVCl 92-120 White (lOYR 8/1) silt loam; common coarse 
distinct strong brown (7.5YR 5/8) and few 
fine prominent black (lOYR 2/1) mottles; 
massive; friable ; highly calcareous; mod­
erately alkaline; abrupt smooth boundary. 
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Profile 20F 
Location: SV/i, NEtf Sec 1, T84N, R62, Jackson County, 
Iowa 
Natural drainage: Poorly drained 
Parent material: Alluvial sediments over loess 
Slope: 
Depth 
Horizon (in.) 
Ap 
A1 
A21 
A22 
B21t 
B22t 
B23t 
B24t 
0-8 
8-14 
14-17 
17-24 
24-33 
33-39 
39-51 
51-59 
2 percent, convex, south 
Description 
Light gray (lOYR 7/2) silty clay loam; mod­
erate fine platy structure; friable ; neutral; 
abrupt smooth boundary. 
Very dark gray (lOYR 3/1) silty clay; weak 
fine subangular blocky structure; friable; 
medium acid; abrupt wavy boundary. 
Dark gray (lOYR 4/1) clay; few fine faint 
yellowish brown (lOYR 5/8) mottles; strong 
fine subangular blocky structure; firm; very 
strongly acid; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
subangular blocky structure; firm; extremely 
acid; abrupt smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
subangular blocky structure ; extremely firm; 
thick continuous clay films; extremely acid; 
gradual boundary. 
Brown (lOYR 5/3) clay; strong fine subangu­
lar blocky structure; extremely firm; thick 
continuous clay films; strongly acid; 
gradual smooth boundary. 
Yellowish brown (lOYR 5/4) clay; few fine 
prominent black (lOYR 2/1) mottles of or­
ganic matter; strong fine subangular blocky 
structure; extremely firm; thick continuous 
clay films; neutral; gradual smooth boundary. 
Brown (lOYR 5/3) clay; common medium dis­
tinct reddish brown (5ÏR 4/4) mottles; 
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B25 
B3 
IIGl 
IIICl 
I vol 
VCl 
VIGl 
moderate fine subangular blocky structure ; 
extremely firm; thick continuous clay films; 
neutral; gradual smooth boundary. 
59-66 Brown (lOYR 5/3) clay; few fine faint red­
dish brown (5YR 5/3) and light gray (lOYR 
7/1) mottles; weak fine subangular blocky 
structure; very firm; mildly alkaline; 
gradual smooth boundary. 
66-80 Reddish brown (5YR 5/3) clay; common coarse 
prominent very pale brown (lOYR 8/3) silt 
bands ; weak fine subangular blocky structure; 
very firm; dicontinuous clay films on major 
fractures; few fine calcium carbonate and 
iron concretions 2 to 5 mm in diameter; 
highly calcareous; mildly alkaline; abrupt 
smooth boundary. 
80-86 White (lOYR 8/1) silt loam; many coarse 
prominent brownish yellow (lOYR 6/8) mottles; 
massive; friable; highly calcareous; slight­
ly alkaline; abrupt smooth boundary. 
86-94 Reddish brown (5YR 4/4) silty clay, few fine 
prominent light gray (lOYR 7/1) and black 
(lOYR 2/1) mottles of carbonates and organic 
matter; massive; firm; few fine calcium car­
bonate concretions 2 to 5 mm in diameter; 
highly calcareous; mildly alkaline; abrupt 
smooth boundary. 
94-101 White (lOYR 8/1) silt loam; few coarse faint 
gray (lOYR 6/1) mottles; massive; friable ; 
highly calcareous; mildly alkaline; abrupt 
smooth boundary. 
101-110 Brown (lOYR 5/3) silty clay; many coarse 
. distinct brown (7.5YR 5/^) mottles; massive; 
firm; highly calcareous; mildly alkaline; 
abrupt smooth boundary. 
110-119 Yellow (lOYR 7/6) silt loam; few fine promi­
nent black (lOYR 2/1) mottles of organic 
matter; massive; friable ; highly calcareous; 
mildly alkaline. 
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Profile 21G 
Location: 
Natural drainage» 
Parent material: 
Slope: 
Depth 
Horizon (in. ) 
Ap 
A2 
B21t 
0-8 
8-10 
10-22 
B22t 
B23t 
22-31 
31-36 
B24t 36-43 
B25t 43-48 
NE4, SWt, Sec 1, T84N, R6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments 
3 percent, convex, east 
Description 
Gray (lOYR 6/1) silty clay loam; moderate 
fine granular structure; friable ; neutral; 
abrupt smooth boundary. 
Brown (lOYR 5/3) clay; strong fine suban^-
lar blocky structure; firm; extremely acid; 
abrupt smooth boundary. 
Brown (lOYR 4/3) clay; strong fine suban^-
lar blocky structure; extremely firm; thick 
continuous clay skins; extremely acid; 
gradual smooth boundary. 
Brown (y.^YR 5/3) clay; strong fine subangu-
IsLT blocky structure; extremely firm; thick 
continuous clay skins; extremely acid; 
gradual smooth boundary. 
Yellowish brown (lOYR 5/4) clay; few fine 
distinct black (lOYR 2/1) mottles of or­
ganic matter; strong fine subangular blocky 
structure; extremely firm; thick continuous 
clay films; slightly acid; gradual smooth 
boundary. 
Brown (lOYR 4/3) clay; common coarse dis­
tinct very pale brown (lOYR 7/4) bands of 
silt; strong fine subangular blocky struc­
ture; extremely firm; neutral; gradual 
smooth boundary. 
Brown (7.5YR 5/2) clay; common coarse promi­
nent white (lOYR 8/2) and few fine faint 
(lOYR 2/1) mottles; strong fine subangular 
blocky structure; very firm; thick continu­
ous clay films on peds; few fine iron and 
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calcium carbonate concretions 2 to 5 mm 
in diameter; highly calcareous; mildly 
alkaline; gradual smooth boundary. 
B31 48-61 Reddish brown C5ÏR 4/4) clay; common coarse 
faint pink (5YR 7/3) mottles; medium coarse 
subangular blocky structure; very firm; 
thin discontinuous clay films on major 
fractures; common calcium carbonate con­
cretions 2 to 5 Œitt in diameter; highly 
calcareous; mildly alkaline; abrupt smooth 
boundary. 
IIB32 61-66 White (lOYR 8/1) silt loam; common coarse 
distinct dark grayish brown (lOYR 4/2) 
bands of silty clay; massive; friable; 
highly calcareous; moderately alkaline; 
abrupt smooth boundary. 
IIICl 66-73 Light brown (7.5YR 6/4) silty clay; common 
coarse faint white (lOYR 8/2) mottles; mas­
sive; firm; highly calcareous; moderately 
alkaline; abrupt smooth boundary. 
IVCl 73-120 Grayish brown (lOYR 5/2) silt loam; common 
coarse distinct brownish yellow (lOYR 6/8) 
and white (lOYR 8/1) mottles; massive ; 
friable ; common iron and manganese concre­
tions 2 to 5 mm in diameter; highly cal­
careous ; moderately alkaline; abrupt smooth 
boundary. 
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Profile 22H 
Location; 
Natural drainage» 
Parent material: 
Slope : 
Depth 
Horizon (in. ) 
Al 
A21 
32 It 
0-5 
5-10 
10-16 
B22t 16-23 
B23t 23-30 
B24t 30-35 
B3I 35-42 
NEi, SEt. Sec 1, T84N, R6E, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments over loess 
2 percent, convex, east 
Description 
Dark gray (lOYR 4/1) silty clay; strong fine 
subangular blocky structure ; friable ; mildly 
alkaline; abrupt wavy boundary. 
Light gray (lOYR 7/1) clay; medium moderate 
platy structure; friable; very strongly 
acid; abrupt smooth boundary. 
Brown (lOYR 5/3) clay; strong fine subangu-
lar blocky structure; very firm; thick con­
tinuous clay films; strongly acid; gradual 
smooth boundary. 
Grayish brown (lOYR 5/2) clay; strong fine 
subangular blocky structure; extremely firm; 
thick continuous clay films; very strongly 
acid; gradual smooth boundary. 
Yellowish brown (lOYR 5/4) clay; strong fine 
subangular blocky structure; extremely firm; 
thick continuous clay films; neutral; 
gradual smooth boundary. 
Brown (7.5YR 4/4) clay; few fine distinct 
dark gray (7.5YR 4/1) mottles; strong fine 
subangular blocky parting to prismatic 
structure; extremely firm; thick continuous 
clay films; neutral; gradual smooth boundary. 
Reddish brown (5YR 4/4) silty clay; few fine 
distinct yellow (lOYR 7/6) mottles; strong 
coarse prismatic structure; thin discontinu­
ous reddish brown (5YR 5/4) clay films on 
major fractures; neutral; gradual smooth 
boundary. 
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B32 42-^0 Reddish brown (5YR 4/4) silty clay; common 
medium distinct yellow (lOYR 7/6) mottles; 
medium coarse prismatic structure; thin 
discontinuous reddish brown (5YR 5/4) 
clay films on major fractures; highly cal­
careous; mildly alkaline; gradual smooth 
boundary. 
G 50-120 Dark reddish gray (7«5YR 4/2) silty clay; 
many coarse prominent yellow (2.5Y 7/6) 
bands of silt; massive; friable; highly 
calcareous; mildly alkaline; abrupt smooth 
boundary. 
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Profile 231 
Location» 
Natural drainagei 
Parent material: 
Slope I 
Depth 
Horizon (in. ) 
A1 
A21 
0-6 
6-13 
A22 13-21 
B21t 21-25 
B22t 25-32 
B23t 32-39 
SEi, SE^, Sec 2, T84N, R6e, Jackson County, 
Iowa 
Poorly drained 
Alluvial sediments over loess 
2 percent, convex, northeast 
Description 
Black (lOYR 2/1) silty clay; strong fine 
subangular blocky structure; friable ; ex­
tremely acid; abrupt wavy boundary. 
Pale brown (lOYR 6/3) silty clay; few fine 
faint brownish yellow (lOYR 6/8) mottles; 
weak fine platy structure; friable ; ex­
tremely acid; gradual smooth boundary. 
Light brownish gray (lOYR 6/2) silty clay; 
few fine faint yellowish red (7.5YR 5/6) 
mottles; strong fine subangular blocky 
structure; firm; extremely acid; abrupt 
smooth boundary. 
Light reddish brown (5YR 6/4) clay; few 
medium coarse light gray (lOYR 7/2) mottles; 
strong fine subangular blocky structure ; 
extremely firm; thick continuous clay films; 
strongly acid; gradual smooth boundary. 
Reddish brown (2.5YR 5/^) clay; few fine 
prominent light brownish gray (lOYR 6/2) 
mottles; strong fine subangular blocky 
structure; extremely firm; thick continu­
ous light reddish brown (5YR 6/4) clay films 
on peds; slightly acid; gradual smooth 
boundary. 
Reddish brown (2.5YR 4/4) clay; few fine 
prominent (lOYR 2/1) mottles of organic 
matter; strong fine subangular blocky 
structure; extremely firm; thick continuous 
clay films; few fine manganese concretions; 
neutral; gradual smooth boundary. 
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B31 39-42 Yellowish brown (lOYR 5/4) silty clay; many 
coarse prominent white (lOYR 8/1) mottles; 
strong fine subangular blocky structure; 
ve^ firm; discontinuous clay films on 
major fractures; moderately alkaline ; 
gradual smooth boundary. 
IIB32 42-66 Light gray (lOYR 7/1) silt loam; many medi­
um prominent yellow (lOYR 7/8) mottles; 
massive; friable ; few fine manganese con­
cretions; highly calcareous at 54 inches; 
moderately alkaline; abrupt smooth boundary. 
IICl 66- Light gray (lOYR 6/1) silt loam; many coarse 
prominent white (lOYR 8/l) and yellowish 
red (^R 5/8) mottles; massive; friable ; 
few fine manganese and calcium carbonate 
concretions 2 to 5 mm in diameter; highly 
calcareous; moderately alkaline. 
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Profile 28E 
Location: 
Natural drainage; 
Parent material; 
Slope: 
Depth 
Horizon (in. ) 
A1 
A2 
B21t 
0-6 
6-16 
16-23 
B22t 23-30 
B23t 30-35 
B31 35-43 
B32 43-61 
SEi, NE-5, Sec 18, T83N, R7E, Clinton County, 
Iowa 
Poorly drained 
Alluvial sediments 
0 percent, convex, east 
Description 
Dark grayish brown (lOYR 4/2) clay; strong 
moderate subangular blocky structure; fri­
able; mildly alkaline; abrupt wavy boundary. 
Brown (lOYR 5/3) clay; medium fine subangu­
lar blocky structure; friable ; strongly acid; 
abrupt smooth boundary. 
Brown (?.5YR 5/4) clay; strong fine subangu­
lar blocky structure; very firm; thick con­
tinuous clay films; very strongly acid; 
gradual smooth boundary. 
Brown (7.5YR 4/4) clay; strong fine subangu­
lar blocky structure; extremely firm; thick 
continuous clay films on peds; strongly 
acid; gradual smooth boundary. 
Brown (?.5YR 5/2) clay; few fine faint gray 
(lOYR 6/1) mottles; medium fine subangular 
blocky structure; extremely firm; thick con­
tinuous clay films, mildly alkaline; gradual 
smooth boundary. 
Yellowish red (5YR 4/6) clay; common fine 
prominent light gray (5ÏR 6/1) mottles; 
medium fine subangular blocky structure; 
very firm; thin discontinuous clay films; 
slightly acid; gradual smooth boundary. 
Reddish brown (5YR 5/3) clay; many coarse 
distinct gray (5YR vD mottles? weak mod­
erate subangular blocky structure; firm; 
thin discontinuous clay films on major 
fractures; highly calcareous; neutral; 
gradual smooth boundary. 
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Cl 61-120 Light brownish gray (lOYR 6/2) clay; many 
coarse prominent brown (lOYR 4/3) and 
brown (7.5YR 4/4) mottles; massive; firm; 
highly calcareous; neutral. 
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Profile 33A 
Location: 
Natural drainage: 
Parent material: 
Slope: 
Depth 
Horizon (in. ) 
Ap 0-6 
A21 
A22 
B21t 
6-12 
12-17 
17-24 
B22t 24-29 
B23t 29-35 
B31 35-43 
NW^, NW^, Sec 19, T82N, R7E, Clinton County, 
Iowa 
Poorly drained 
Alluvial sediments 
2 percent, convex, east 
Description 
Very dark grayish brown (lOYR 3/2) silty 
clay; medium fine subangular blocky struc­
ture; friable; neutral; abrupt smooth 
boundary. 
Dark grayish brown (lOYR 4/2) clay; medium 
fine platy structure; friable ; neutral; 
abrupt wavy boundary. 
Brown (lOYR 5/3) clay; strong fine platy 
structure; friable; neutral; abrupt wavy 
boundary. 
Grayish brown (lOYR 5/2) clay; few fine 
faint very dark grayish brown (lOYR 3/2) 
mottles; medium fine subangular blocky 
structure; thick continuous clay films on 
peds; neutral; gradual smooth boundary. 
Brown (lOYR 5/3) clay; strong fine subangu­
lar blocky structure extremely firm; thick 
continuous clay films; neutral; gradual 
smooth boundary. 
Yellowish brown (lOYR 5/4) clay; strong 
fine angular blocky structure; thick con­
tinuous brown (lOYR 5/3) clay film on peds; 
extremely firm; calcareous; mildly alkaline; 
gradual smooth boundary. 
Light brown (7.5ÏR 6/4) clay; medium coarse 
subangular blocky structure: thin discon­
tinuous yellowish brown (lOYR 5/4) clay 
films on peds; very firm; many fine calcium 
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carbonate concretions 2 to 5 mm in diameteri 
highly calcareous; moderately alkaline; 
gradual smooth boundary. 
B32 43-46 Brown (7«5YR 5/2) clay; few fine distinct 
white (7«5ïR 8/0), common coarse distinct 
strong brown (7.5ÏR 5/8) and few medium 
distinct strong brown (7.5YR 5/6) mottles ; 
weak fine subangular blocky structure; 
thin discontinuous clay films; calcium car­
bonate concretions 2 to 5 mm in diameter; 
highly calcareous; neutral; gradual smooth 
boundary. 
C 46-144 Light brown (7.5YR 6/4) clay; common fine 
distinct white (lOYR 8/1) and many coarse 
prominent reddish brown (2.5YR 5/4) mottles; 
massive; firm; many fine calcium carbonate 
concretions 2 to 5 mm in diameter; highly 
calcareous; mildly alkaline. 
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Profile 38D 
Location: 
Natural drainage: 
Parent material: 
Slope: 
Depth 
Horizon (in.) 
Ap 
Al 
0-6 
6-12 
A21 12-17 
A22 17-20 
B21t 20-33 
B22t 33-38 
SEi, mi, Sec 10. T80N, R5E, Clinton 
County, Iowa 
Very poorly drained 
Alluvial sediments over loess 
3 percent, convex, southeast 
Description 
Gray (lOYR 6/1) silty clay loam; weak fine 
subangular blocky structure; friable; neu­
tral; abrupt smooth boundary. 
Very dark brown (lOYR 2/2) clay; few common 
prominent light brownish gray (lOYR 6/2) 
mottles; weak fine subangular blocky struc­
ture; firm; medium acid; abrupt wavy 
boundary. 
Yellowish brown (lOYR 5/8) clay; few fine 
distinct black (lOYR 2/1) and light gray 
(lOYR 7/1) mottles; weak fine subangular 
blocky structure; firm; neutral; gradual 
wavy boundary. 
Pinkish gray (7-5YR 6/2) silty clay; common 
coarse distinct light gray (lOYR 7/1) mot­
tles; medium fine subangular blocky struc­
ture; firm; mildly alkaline; abrupt smooth 
boundary. 
Light gray (2.5Y 7/2) silty clay loam; few 
fine faint strong brown (7.5/6) mot­
tles; strong fine subangular blocky struc­
ture; very firm; thick continuous clay 
films on peds; few fine iron concretions 
2 to 5 mm in diameter; mildly alkaline; 
gradual smooth boundary. 
Dark grayish brown (lOYR 4/2) silty clay; 
few fine distinct very dark brown (lOYR 2/2) 
and yellowish rea (5YR 4/d) mottles; strong 
fine subangular blocky structure; extremely 
firm; thick continuous clay films on peds; 
neutral; gradual smooth boundary. 
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B23t 38-^3 Dark grayish brown (2.5Y 4-/2) clay; common 
coarse faint dark brown (lOYR 3/3) mottles; 
strong moderate prismatic structure; ex­
tremely firm; few fine calcium carbonate 
concretions 2 to 5 nrni in diameter; thick 
continuous clay films on peds; slightly 
calcareous at 4o inches; mildly alkaline; 
gradual smooth boundary. 
B24t ^3-53 Reddish brown i5^R 5/3) clay; common coarse 
prominent pink (5YR 8/3) mottles; medium 
coarse prismatic structure; extremely firm; 
thick continuous clay films; few fine cal­
cium carbonate concretions 2 to 5 nmi in 
diameter; slightly calcareous; moderately 
alkaline; gradual smooth boundary. 
B3 53-60 Reddish brown (5YR 4/4) clay; common coarse 
distinct brownish yellow (lOYR 6/8) mottles; 
medium coarse subangular blocky structure; 
very firm; thin discontinuous clay films; 
few fine calcium carbonate concretions 2 
to 5 mm in diameter; highly calcareous; 
moderately alkaline; abrupt smooth boundary. 
IICl 60-66 Grayish brown (2.5Y 5/2) silty clay loam; 
common coarse prominent white (lOYR 8/1) 
and strong brown (7.5YR 5/6) mottles; mas­
sive; friable; many fine iron and calcium 
carbonate concretions 5 to 7 mm in diameter; 
highly calcareous; moderately alkaline; 
clear smooth boundary. 
IIC2 66-90 White (lOYR 8/1) silt loam; common medium 
distinct yellow (lOYR 7/6) mottles; massive; 
friable; many fine iron and calcium car­
bonate concretions 2 to 7 mm in diameter; 
highly calcareous; moderately alkaline; 
abrupt smooth boundary. 
IIIGl 90-94 Yellowish red (5YR 4/2) silty clay; few fine 
distinct black (lOYR 2/1) mottles of organic 
matter; massive; firm; few fine calcium 
carbonate concretions; highly calcareous; 
moderately alkaline; abrupt smooth boundary. 
IVCl 94-105 White (lOYR 8/2) silt loam; common coarse 
distinct pink (5YR 7/3) mottles; massive; 
friable; many fine iron and calcium carbonate 
concretions 2 to 5 mm in diameter; highly 
calcareous; moderately alkaline. 
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Profile 43A 
Location: 
Natural drainagei 
Parent material: 
Slope: 
Depth 
Horizon (in. ) 
All 0-6 
A12 6-10 
A2 
B21t 
10-14 
14-19 
B22t 19-24 
B23t 24-30 
B24t 30-35 
SW^, SW|, Sec 15, T69N, R4W, Lee County, 
Iowa 
Poorly drained 
Alluvial sediments 
3 percent; convex, northeast 
Description 
Brown (lOYR 4/3) silt loam; many coarse 
prominent yellowish brown (lOYR 5/6) mot­
tles; medium fine granular structure ; 
friable; neutral; gradual wavy boundary. 
Very dark grayish brown (lOYR 3/2) silt 
loam; few fine faint brown (lOYR 4/3) mot­
tles; medium fine granular structure; fri­
able; neutral; clear wavy boundary. 
Dark grayish brovm (lOYR 4/2) silt loam; 
weak fine subangular blocky structure; 
friable; neutral; clear smooth boundary. 
Brown (lOYH 5/3) silt loam; few fine faint 
yellowish brown (lOYR S/k) mottles; weak 
fine subangular blocky structure; very firm; 
thin continuous clay films; neutral; gradual 
smooth boundary. 
Light brownish gray (lOYR 6/2) silty clay; 
few fine faint yellowish brown (lOYR 5/4) 
mottles; strong fine subangular blocky 
structure: extremely firm; thick continuous 
clay films on peds; few fine iron concre­
tions; neutral; gradual smooth boundary. 
Dark yellowish brown (lOYR 4/4) clay; 
strong fine subangular blocky structure; 
extremely firm; thick continuous grayish 
brown (lOYR 5/2) clay films on peds; slight­
ly acid; gradual smooth boundary. 
Brown (lOYH 5/3) clay; few fine faint strong 
brown (7.5YR 5/6) mottles; strong fine sub-
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angular blocky structure; extremely firm; 
thick continuous grayish brown (lOYR 5/2) 
clay films on peds; very strongly acid; 
gradual smooth boundary. 
B3 35-41 Brown (lOYR 5/3) silty clay; strong fine 
subangular blocky structure; very firm; 
discontinuous clay films on peds; few fine 
iron concretions; slightly acid; gradual 
smooth boundary. 
01 4l-60 Brown (lOYR 5/3) clay; many coarse promi­
nent gray (lOYR 6/1) and many medium dis­
tinct strong brown (7.5YR 5/6) mottles; 
massive; firm; few fine manganese concre­
tions; medium acid. 
203 
APPENDIX Bi PARTICLE SIZE DATA 
Textural analysis is presented here for samples col­
lected within cores taken from the Zwingle terrace system. 
Other cores not included were actually from other fine 
textured terraces not within the system. 
A complete Wentworth (1922) scale of fractionation is 
included. Samples taken from two depths, 6-12 and 30-36 
inches, of 22 selected profiles ^ d all depths for core 2OF 
were used for detailed fractionation. 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth 
(in.) 
PH >6 2 62 -4 4-2 2- 1 1-. 5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
1 0 — 6 7.01 11.08 55. 13 9. 38 7. 72 9. 88 6. 80 64.51 24.40 0.38 
1 6-12 4.80 7.77 16. 42 9. 96 12. 00 8. 72 8. 98 62.53 29.70 0.47 
1 12-18 4.62 2.47 28. 32 7. 94 7. 10 23. 08 31. 08 36.26 61.26 1.69 
1 18-24 4.39 0.77 19. 93 6. 32 4. 88 21. 96 46. 14 26.25 72.98 2.78 
1 24-30 5.07 0.70 45. 34 5. 14 3. 20 15. 54 30. 08 50.48 48.82 0. 97 
1 30-36 5. 19 1.90 20. 82 2. 60 6. 30 14. 28 21. 18 56.34 41.76 0.74 
1 36-42 5.89 5.05 49. 42 6. 12 3. 74 14. 62 21. 04 55.54 39.40 0.71 
1 42-48 6.38 3.75 45. 50 9. 74 6. 38 18. 20 16. 42 55.24 41.00 0.74 
1 48-54 6.59 1.16 30. 10 13. 48 10. 36 30. 10 14. 80 43.58 55. 26 1.27 
1 54-60 8.07 3.27 59. 66 7. 42 4. 90 14. 56 10. 18 67.08 29.64 0.44 
2a 0— 6 6.85 5.96 47. 80 14. 80 11. 80 13. 64 6. 00 62.60 31.44 0.50 
2a 6-12 4.02 0.15 2. 00 10. 62 16. 08 16. 42 35. 34 32.01 67.84 2.12 
2a 12-18 4.66 0.30 22. 85 12. 78 7. 46 20. 18 36. 42 35.63 64.06 1 .80 
2a 18-24 3.98 0.69 27. 83 13. 28 8. 58 23. 36 26. 26 41.11 58. 20 1.42 
2a 24-30 4.58 0.83 30. 20 16. 66 9. 58 21. 34 21. 38 46.86 52. 30 1.12 
2a 30-36 5.10 0.56 6. 54 19. 24 12. 40 21. 86 13. 84 51.34 48.10 0.94 
2a 36-42 6.05 0.71 24. 18 18. 38 14. 98 26. 18 15. 56 42.56 56.72 1.33 
2a 42-48 7.72 1.51 27. 12 19. 72 15. 94 26. 28 9. 42 46.84 51.64 1.10 
2a 48-54 8.23 7. 13 2 5. 62 18. 36 11. 74 26. 90 10. 24 43.98 48.88 1.11 
2a 54-60 8.34 0.80 29. 09 17. 20 15. 14 26. 86 10. 90 46. 29 52.90 1.14 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth pH >62 62-4 4-2 2- 1 1-.5 <. 5 Total Total C/S 
(in.) Silt Clay 
3b 0—6 6.64 5.72 33.45 12. 78 17. 90 17. 44 12. 70 46.23 48.04 1.04 
3b 6-12 5.38 0.66 0.72 4. 32 6. 66 30. 68 49. 98 12.02 87.32 7.26 
3b 12-18 4. 18 0.36 8.34 6. 76 8. 58 26. 44 49. 52 15. 10 84.54 5.60 
3b 18-24 4.24 0.46 10.90 8. 22 3. 30 37. 08 40. 04 19.12 80.42 4.21 
3b 24-30 4.70 0.38 11.25 10. 34 13. 40 32. 14 32. 48 21. 59 78.02 3.61 
3b 30-36 6.77 0. 19 30.84 4. 20 4. 00 14. 76 12. 98 68.07 31.74 0.47 
3b 36-42 7.55 2. 19 27.20 11. 94 14. 32 29. 74 14. 60 39.14 58.66 1.50 
3b 42-48 7.91 0.85 81.27 1. 12 2. 22 5. 84 8. 70 82.38 16.76 0.20 
3b 48-54 8.03 1.84 69.63 2. 62 4. 46 10. 96 10. 48 72.25 25.90 0.36 
3b 54-60 8.29 10.30 54.46 6. 10 5. 12 14. 42 9. 60 60.56 29.14 0.48 
Uc 0— 6 6.81 7.15 38.33 9. 84 17. 22 12. 68 14. 78 48. 17 44.68 0.93 
4c 6-12 5.01 0.50 1.26 5. 28 5. 78 25. 68 53. 64 14.40 85.10 5.91 
4c 12-18 4.66 0.47 9.17 7. 20 7. 98 26. 04 49- 14 16.37 83.16 5. 08 
4c 18-24 4.81 0.35 8.11 25. 12 3. 28 31. 28 38. 42 33.23 66.42 2.00 
4c 24-30 5.82 1.61 21.84 10. 66 11. 72 33. 68 20. 48 32.50 65.88 2.03 
4c 30-36 6.55 1.07 35.87 9. 52 12. 28 25. 74 15. 52 45.39 53.54 1.18 
4c 36-42 7.62 1.61 23.64 11. 16 17. 38 34. 50 11. 70 34.80 63.58 1.83 
4c 42-48 7.82 1.16 35.47 10. 58 13. 54 27. 82 11. 42 46.05 52.78 1.15 
4c 48-54 8.25 0.70 62.00 6. 10 10. 86 11. 42 8. 92 68. 10 31.20 0.46 
4c 54-60 8.16 1.55 27.98 9. 36 28. 90 20. 92 11. 28 37.34 61.10 1.64 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
(in.) Silt Clay 
5 0— 6 7. 07 4. 75 38. 22 16. 40 13. 06 17. 38 10. 18 54. 62 40. 62 0.74 
5 6-12 5. 30 1. 56 10. 66 13. 24 14. 10 21. 52 18. 98 43. 84 54. 60 1.25 
5 12-18 4. 44 0. 64 23. 21 12. 18 10. 16 21. 86 31. 94 35. 39 63. 96 1.81 
5 18-24 4. 36 0. 50 17. 47 13. 84 11. 56 25. 88 30. 74 31. 31 68. 18 2.18 
5 24-30 4. 41 15. 41 19. 18 6. 10 27. 88 5. 38 26. 04 25. 29 59. 30 2.34 
5 30-36 5. 11 5. 33 10. 90 10. 72 6. 20 15. 12 17. 54 55. 81 38. 86 0.70 
5 36-42 4. 82 3. 38 67. 08 5. 82 22. 16 3. 28 9. 84 72. 90 23. 72 0.33 
5 42-48 7. 40 2 3. 21 50. 19 3. 62 2. 58 7. 00 13. 40 53. 81 22. 98 0.43 
5 48-54 4. 88 37. 79 38. 82 0. 42 3. 40 5. 32 15. 08 38. 40 23. 80 0.62 
5 54-60 5. 81 35. 41 44. 59 2. 36 1. 70 5. 26 10. 68 46. 95 17. 64 0.38 
6 0-6 7. 17 5. 21 47. 44 7. 54 10. 22 17. 28 12. 30 54. 98 39. 80 0.72 
6 6-12 4. 67 0. 33 4. 60 8. 38 8. 54 27. 80 35. 80 27. 53 72. 14 2.62 
6 12-18 4. 47 0. 22 40. 18 4. 94 4. 68 16. 46 33. 52 45. 12 54. 66 1.21 
6 18-24 4. 44 1. 89 51. 45 3. 62 3. 14 12. 74 27. 16 55. 07 43. 04 0.78 
6 24-30 4. 95 0. 58 27. 96 8. 14 9. 10 26. 56 27. 66 36. 10 63. 32 1.75 
6 30-36 6. 62 0. 60 8. 20 11. 62 14. 22 34. 54 14. 44 36. 20 63. 20 1.75 
6 36-42 6. 46 1. 65 43. 45 8. 26 8. 32 22. 36 15. 96 51. 71 46. 64 0.90 
6 42-48 7. 33 1. 34 30. 07 20. 44 16. 16 22. 86 9. 12 50. 51 48. 14 0.95 
6 48-54 7. 60 0. 67 33. 92 13. 72 14. 76 26. 52 10. 40 47. 64 51. 68 1.08 
6 54—60 7. 31 13. 54 34. 84 8. 30 6. 76 22. 32 14. 24 43. 14 43. 32 1.00 
Particle Size Distribution - Zwinqle Series 
Percent Frequency 
(microns) 
Site Depth pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
(in.) Silt Clay 
7a 0— 6 7. 12 3. 45 50. 01 12. 16 8. 50 12. 88 13. 00 62. 17 34. 38 0.55 
7a 6 -12 6. 13 0. 50 4. 50 10. 98 7. 36 23. 48 27. 18 41. 48 58. 02 1.40 
7a 12 -18 4. 94 0. 89 28. 61 10. 16 7. 80 20. 40 32. 14 38. 77 60. 34 1.56 
7a 18 -24 5. 23 2. 01 40. 48 5. 78 5. 66 18. 44 27. 62 46. 26 51. 72 1.12 
7a 24 -30 5. 92 1. 90 59. 48 5. 86 3. 42 10. 98 18. 36 65. 34 32. 76 0.50 
7a 30 -36 5. 96 1. 53 16. 82 7. 54 5. 78 17. 58 16. 34 58. 77 39. 70 0.68 
7a 36 -42 6. 56 9. 82 51. 29 3. 96 2. 76 12. 74 19. 42 55. 25 34. 92 0.63 
7a 42 -48 7. 06 1. 79 60. 56 5. 04 4. 82 13. 98 13. 80 65. 60 32. 60 0.50 
7a 48 -54 7. 51 1. 34 74. 91 4. 80 3. 16 8. 24 7. 54 79. 71 18. 94 0.24 
7a 54 -60 8. 41 1. 74 78. 68 7. 34 3. 88 5. 54 2. 82 86. 01 12. 24 0.14 
10 '3—6 6. 96 2. 11 49. 29 15. 18 10. 22 12. 48 10. 72 64. 47 33. 42 0.52 
10 6 12 5. 31 2. 52 9. 44 15. 98 9. 52 13. 44 8. 98 65. 54 31. 94 0.49 
10 12 -18 5. 21 3. 19 48. 85 15. 64 10. 30 10. 58 11. 44 64. 49 32. 32 0.50 
10 18 -24 4. 62 0. 50 23. 37 12. 46 8. 30 18. 54 36. 82 35. 83 63. 66 1.78 
10 24 -30 5. 72 0. 45 29. 95 12. 24 9. 50 22. 66 25. 20 42. 19 57. 36 1.36 
10 30 -36 6. 90 0. 22 1. 96 18. 86 17. 68 28. 78 10. 48 42. 84 56. 94 1.33 
10 36 -42 7. 25 0. 42 34. 04 15. 00 13. 38 24. 56 12. 60 49. 04 50. 54 1.03 
10 42 -48 7. 80 0. 84 29. 16 16. 30 16. 88 25. 24 11. 58 45. 46 53. 70 1. 18 
10 48 54 7. 92 0. 75 31. 26 15. 02 16. 02 26. 26 10. 68 46. 28 52. 96 1.14 
10 54 -60 8. 23 1. 06 31. 75 18. 78 16. 10 23. 16 9. 14 50. 54 48. 40 0.96 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site D'ipt h 
(: n.) 
pH >62 62 -4 4-2 2-1 1-.5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
11a 0— 6 7.02 3. 46 55. 97 8. 16 9. 00 14. 02 9. 38 64.13 32.40 0.51 
11a fi-12 6.76 3. 80 49. 22 6. 90 7. 08 16. 16 16. 84 56. 12 40.08 0.71 
11a i:>-18 4.91 1. 25 10. 86 7. 80 9. 52 28. 46 42. 10 18.66 80.08 4.29 
1 la 1W-24 5.22 1. 06 12. 76 9. 32 11. 60 33. 76 31. 50 22.08 76. 86 3.48 
11a 2U-30 5.74 0. 52 44. 82 5. 18 9. 48 15. 36 24. 64 50.00 49.48 0.99 
1 la 30-36 6.41 0. 52 63. 97 4. 10 3. 88 12. 26 15. 26 68.07 31.40 0.46 
11a 36.-U2 6.74 0. 51 57. 42 6. 02 5. 54 14. 58 15. 92 63.44 36. 04 0.57 
1 la 42-48 6.95 0. 29 35. 91 7. 42 10. 10 29. 16 17. 12 43.33 56.38 1.30 
1 la 4E1-54 7.14 0. 44 12. 95 10. 26 17. 00 43. 92 15. 42 23.21 76.34 3.29 
11a 54-60 7.72 11. 58 50. 56 5. 22 5. 62 14. 80 12. 22 55.78 32.64 0. 59 
12b 0-6 6.97 3. 47 34. 90 8. 34 9. 90 24. 60 18. 78 43.24 53.28 1.23 
12b 6-12 4.32 3. 65 9. 34 8. 28 9. 98 22. 84 23. 20 40.3 3 56.02 1.39 
12b 12-18 4.71 1. 37 8. 62 3. 68 6. 08 26. 60 53. 64 12.30 86. 32 7. 02 
12b 18-24 5.44 0. 91 10. 90 9. 20 12. 02 35. 04 31. 92 20. 10 78.98 3.93 
12b 24-30 6.08 1. 43 25. 50 8. 08 10. 34 30. 00 24. 64 33.58 64.98 1.94 
12b 30-36 6.32 1. 16 16. 52 6. 64 6. 04 5. 04 33. 18 54.5 8 44.26 0.81 
12b 36-42 7.45 1. 57 19. 80 9. 00 15. 16 35. 80 18. 66 28.80 69.62 2.42 
12b 42-48 8.24 2. 43 51. 74 3. 78 6. 56 21. 06 14. 42 55.52 42.04 0.76 
12b 48-54 8.38 5. 41 55. 31 3. 48 6. 54 16. 06 13. 20 58.79 35.80 0.61 
12b 54-60 8.33 4. 23 79. 66 0. 86 2. 04 6. 10 7. 10 80.52 15.24 0.19 
Particle size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth 
(in.) 
pH >6 2 62 1-4 4-2 2- 1 1-.5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
13 0-6 6.99 3. 28 53. 80 10. 68 10. 22 15. 56 6. 46 64.48 32.24 0.50 
13 6-12 6. 13 0. 56 2. 52 7. 30 8. 94 26. 80 41. 16 22.54 76.90 3.41 
13 12-18 5.21 0. 62 12. 02 9. 22 11. 20 26. 56 40. 38 21.24 78.14 3.68 
13 18-24 5.82 0. 53 24. 23 14. 26 10. 96 21. 06 28. 96 38.49 60.98 1.58 
13 24-30 6.35 1. 14 30. 01 15. 64 12. 62 19. 24 21. 34 45.65 53.20 1.17 
1 3 30-36 6.64 1. 75 12. 10 9. 42 8. 32 19. 48 18. 84 51.61 46.64 0.90 
13 36-42 6.32 1. 00 36. 08 10. 78 11. 86 23. 12 17. 16 46.86 52. 14 1.11 
13 42-48 6.59 0. 54 50. 81 6. 60 7. 52 17. 10 17. 42 57.41 42.04 0,73 
13 48-54 7.20 0. 49 68. 29 2. 40 3. 66 11. 06 14. 10 70.69 28.82 0.41 
13 54-60 8.08 1. 84 41. 72 7. 56 8. 98 25. 54 14. 36 49.28 48.88 0.99 
ia 0 — 6 6.53 8. 05 43. 69 11. 40 11. 04 17, 92 7. 90 55.09 36.86 0.67 
14 6-12 5. 38 10. 66 9. 26 12. 24 10. 96 15. 20 11. 44 51.74 37.60 0.73 
14 12-18 6.75 3. 54 19. 38 10. 96 8. 02 26, 00 32. 10 30. 34 66. 12 2. 18 
14 18-24 6.61 0. 65 16. 58 7. 68 4. 76 23. 24 47. 08 24.26 75.08 3.09 
14 24-30 6.37 0. 73 28. 93 11. 34 6. 46 22. 72 29. 82 40. 27 59.00 1.47 
14 30-36 5.75 0. 92 5. 80 9. 66 10. 52 30. 42 18. 50 39.65 59.44 1.50 
14 36-42 6.97 1. 84 26. 16 14. 94 11. 04 32. 52 13. 50 41.10 57.06 1.39 
14 42-48 6.93 2. 02 19. 45 10. 18 13. 16 40. 20 14. 98 29.63 68. 34 2. 31 
14 48-54 7.06 1. 97 13. 38 12. 32 13. 82 41. 02 17. 48 25. 70 72.32 2.81 
14 54-60 7.26 5. 45 43. 92 7. 60 6. 30 22. 26 14. 46 51.52 43.02 0.84 
Particle size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site D«pt h 
(in.) 
PH >62 62 -4 4-2 2-1 1-.5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
15a 0— 6 6.70 4. 92 30. 69 10. 12 13. 32 29. 30 11. 64 40.81 54.26 1.33 
15a 6.-12 5.01 0. 24 3. 44 9. 40 8. 50 26. 16 36. 70 28.40 71.36 2. 51 
15a 1Z-18 5.53 0. 74 28. 94 17. 52 10. 08 20. 78 21. 94 46.45 52.80 1.14 
15a 16-24 5.08 1. 01 25. 13 15. 34 11. 58 25. 52 21. 42 40.47 58.52 1.45 
15a 24-30 5.64 0. 65 13. 51 15. 04 13. 12 32. 30 25. 38 28. 55 70.80 2. 48 
15a 30-36 5.85 8. 90 9. 14 7. 90 9. 22 25. 60 17. 80 38.48 52.62 1.37 
15a 36-42 5.81 22. 78 37. 04 4. 14 4. 10 13. 66 18. 28 41. 18 36. 04 0.88 
15a 42-48 6.96 13. 29 37. 66 4. 60 6. 58 19. 56 18. 30 42.26 44.44 1.05 
15a 48-54 7.22 1. 24 24. 02 10. 26 12. 86 34. 88 16. 74 34.28 64.48 1.88 
15a 54-60 8.38 5. 38 32. 32 7. 04 9. 42 28. 14 17. 70 39.36 55.26 1.40 
16b 0—6 7.23 2. 85 33. 60 9. 76 13. 24 26. 86 13. 68 43.36 53.78 1. 24 
16b 6-12 4.50 0. 74 3. 82 7. 36 11. 50 27. 70 35. 88 24. 18 75.08 3.11 
16b 12-18 4.28 1. 86 14. 90 6. 28 9. 48 28. 62 38. 86 21.18 76.96 3.63 
16b 18-24 3.94 2. 22 22. 64 1. 26 16. 24 37. 86 22. 30 21.38 76.40 3.57 
16b 24-30 4.08 0. 37 12. 37 11. 90 11. 04 31. 14 33. 18 24.27 75.36 3.11 
16b 30-36 5.47 1. 49 2. 08 15. 28 14. 70 28. 60 17. 04 38.17 60.34 1.58 
16b 36-42 5.09 0. 54 12. 86 12. 12 13. 14 37. 78 23. 56 24.98 74.48 2.98 
16b 42-48 5.32 0. 52 15. 29 8. 82 13. 80 37. 66 23. 90 24.11 75. 36 3. 13 
16b 48-54 5.81 5. 84 36. 74 5. 56 8. 30 35. 86 7. 70 42.30 51.86 1.23 
16b 54-60 6.46 32. 59 23. 65 5. 58 4. 94 16. 22 17. 02 29.23 38. 18 1.31 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site Depth PH >62 62-4 4-2 2- 1 1-.5 <. 5 Total Total C/S 
(in.) Silt Clay 
17c 0—6 6.06 1. 24 48.78 7. 10 7. 32 18. 16 17. 40 55.88 42.88 0.77 
17c 6-12 4.34 0. 25 8.67 5. 12 6. 06 24. 28 55. 62 13.79 85.96 6.23 
17c 12-18 4.36 0. 24 9.41 5. 54 7. 60 26. 64 50. 56 14.95 84.80 5.67 
17c 18-24 4.33 0. 19 9.06 7. 78 10. 22 30. 20 42. 54 16.84 82.96 4.93 
17c 24-30 4.59 0. 32 12.72 10. 36 11. 18 30. 76 34. 66 23.08 76.60 3.32 
17c 30-36 5. 18 0. 83 21. 26 15. 08 14. 00 30. 50 18. 32 36.34 62.82 1.73 
17c 36-42 5.89 0. 51 15.16 14. 00 15. 66 35. 20 19. 46 29.16 70. 32 2.41 
17c 42-48 6.51 0. 48 9.25 10. 02 16. 44 45. 26 18. 54 19.27 80.24 4.16 
17c 48-54 7.40 2. 87 42.75 5. 20 8. 26 27. 24 13. 68 47. 95 49. 18 1.03 
17c 54-60 7.57 15. 21 55.56 6. 56 3. 86 9. 82 8. 98 62. 12 22.66 0.36 
18a 0-6 4.92 2. 08 32.82 8. 90 9. 48 22. 14 24. 58 41.72 56. 20 1.35 
18a 6-12 4.21 0. 86 14.68 6. 30 4. 62 36. 06 37. 48 20.98 78. 16 3.73 
18a 12-18 4. 29 0. 28 7.36 6. 06 5. 58 24. 70 56. 02 13.42 86. 30 6.43 
18a 18-24 4.47 0. 23 6. 49 6. 62 7. 30 28. 52 50. 84 13.11 86 « 66 6.61 
18a 24-30 5.22 0. 53 9.75 8. 56 11. 20 31. 68 38. 26 18.31 81.16 4.43 
18a 30-36 5.99 0. 57 25.30 7. 94 10. 00 33. 32 22. 86 33.24 66. 18 1.99 
18a 36-42 6.63 1. 27 45.43 5. 88 6. 46 21. 36 19. 60 51.31 47.42 0.92 
18a 42-48 6.91 0. 71 39.99 9. 26 8. 44 5. 72 35. 88 49.25 50.04 1.02 
18a 48-54 7.52 0. 33 19.97 18. 52 19. 82 32. 44 8. 92 38.49 61.18 1.59 
18a 54-60 7.91 6. 36 25.79 13. 74 11. 10 28. 40 14. 60 39.53 54.10 1.37 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth PH >6 2 62 -4 4-2 2- 1 1-.5 <. 5 Total Total C/S 
(;Ln.) Silt Clay 
19e 0—6 6.98 1.81 80. 07 3. 26 2. 10 5. 12 7. 64 83.33 14. 86 0. 18 
19e 6-12 6.98 1.79 79. 86 3. 86 2. 34 5. 44 6. 70 83.72 14.48 0. 17 
19e 1;>-18 6.89 1.24 79. 74 4. 38 3. 06 5. 92 5. 66 84. 12 14.64 0.17 
19e 1W-24 6.81 1.28 79. 36 4. 28 4. 08 4. 92 6. 08 83.64 15.08 0. 18 
19e 2W-30 6.43 1.17 79. 14 4. 42 3. 14 6. 00 6. 12 83.56 15.26 0.18 
19e 30-36 6.04 1. 29 77. 05 4. 08 3. 14 7. 44 7. 00 81. 13 17.58 0. 22 
19e 36-42 5.72 1.33 74. 32 3. 56 2. 52 8. 82 9. 44 77.88 20.78 0.27 
19e 42-48 5.72 1.44 69. 56 3. 48 2. 38 9. 32 13. 82 73.04 25.52 0.35 
19e 4E1-54 6.17 1.47 68. 94 3. 26 3. 02 8. 46 14. 84 72.20 26.32 0.36 
19e 5^—60 6.13 1.67 73. 24 2. 68 2. 80 7. 58 12. 02 75.92 22.40 0.30 
20f 0— 6 6.91 1.00 22. 86 5. 82 5. 36 10. 64 15. 12 67. 88 31.12 0.46 
20f 6-12 5.75 1.42 14. 94 7. 82 7. 06 16. 22 18. 92 56.38 42.20 0. 75 
20f 12-18 4.63 0.01 1. 26 3. 78 6. 36 29. 60 51. 36 12. 67 87.32 6.89 
20f 18-24 4.30 0.48 1. 36 4. 02 6. 52 30. 52 50. 04 12. 44 87.08 7. 00 
20f 24-30 4.43 0. 10 1. 1 4 5. 02 8. 02 33. 28 45. 86 12.74 87. 16 6.84 
20f 30-3 6 5.40 0.27 0. 06 6. 44 9. 72 31. 88 38. 18 19.95 79.78 4.00 
20f 36-4 2 5.39 0.40 0. 08 7. 96 13. 76 44. 92 25. 90 15.02 84.58 5.63 
20f 42-48 6.62 0.41 0. 06 11. 42 18. 00 47. 92 17. 44 16.23 83.36 5. 14 
20f 46-54 7. 22 0.92 0. 08 16. 16 18. 40 44. 30 12. 72 23.66 75.42 3.19 
20f 54-60 7.35 0.67 1. 34 14. 66 20. 24 44. 12 10. 28 24.69 74.64 3.02 
20f 60—66 7.70 1.30 0. 62 15. 76 19. 38 41. 36 11. 64 26.32 72. 38 2.75 
20f 66-7 2 7.49 2. 10 1. 04 14. 40 20. 14 43. 40 10. 14 24.22 73.68 3.04 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site Dc.'pth 
(in.) 
pH >62 62 -4 4-2 2-1 1-.5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
21g 0- 6 7.30 3. 81 56. 60 6. 72 6. 88 12. 54 13. 44 63.32 32. 86 0.52 
21g 6-12 4.28 0. 16 4. 24 3. 56 5. 68 27. 68 46. 84 19.65 80.20 4.08 
21g 12-18 4.05 0. 63 14. 02 4. 02 5. 56 23. 12 52. 64 18.04 81.32 4.51 
21g ie-24 3.96 0. 14 8. 35 3. 12 11. 06 32. 86 44. 46 11.47 88.38 7.71 
21g 24-30 4.30 0. 17 8. 20 5. 62 10. 68 36. 34 38. 98 13.82 86.00 6.22 
21g 30-36 6.32 0. 45 1. 00 13. 06 17. 48 41. 74 15. 98 24.35 75.20 3.09 
21g 36-42 7.22 1. 03 15. 16 14. 74 20. 14 36. 34 12. 58 29.90 69.06 2.31 
21g 42-48 7.79 0. 74 16. 59 18. 30 20. 32 32. 44 11. 60 34.89 64.36 1.84 
21g 48-54 7.83 1. 25 10. 16 17. 00 20. 30 38. 48 12. 80 27.17 71.58 2.63 
21g 54-60 7.96 1. 33 22. 81 11. 18 14. 54 35. 26 14. 38 33.99 64. 68 1.90 
22h 0-6 7.75 4. 45 35. 59 11. 54 14. 30 24. 98 9. 14 47. 13 48.42 1.03 
22h 6-12 4.77 2. 82 7. 78 11. 16 11. 90 22. 54 23. 98 38.76 58.42 1. 51 
22h 12-18 5.06 2. 89 29. 89 8. 64 10. 90 20. 44 27. 24 38. 53 58. 58 1.52 
22h 18-24 4.65 1. 38 13. 95 6. 92 10. 66 29. 44 37. 64 20.87 77.74 3.72 
22h 24-30 6.98 0. 31 6. 88 9. 62 15. 32 32. 54 35. 32 16. 50 83. 18 5.04 
22h 30-36 7.06 1. 18 1. 76 11. 34 17. 24 51. 88 14. 08 15.62 83. 20 5.33 
22h 36-42 6.68 0. 66 2. 02 15. 92 16. 90 34. 12 15. 44 32.88 66.46 2.02 
22h 42-48 7.41 1. 21 9. 97 12. 34 19. 28 41. 94 15. 26 22.31 76.48 3.43 
22h 48-54 7.40 8. 72 36. 05 5. 98 8. 64 28. 34 12. 26 42.03 49.24 1.17 
22h 54-60 7.47 0. 83 20. 71 11. 86 16. 98 37. 36 12. 26 32. 57 66.60 2.04 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
site Dcipth 
Ci n. ) 
FH >62 62 1-4 4-2 2- 1 1-.5 <. 5 Total 
silt 
Total 
Clay 
C/S 
23i 0-6 6.56 3. 87 42. 72 5. 26 9. 66 25. 50 12. 98 47.98 48.14 1.00 
23i 6-12 4.30 0. 13 4. 58 2. 96 6. 08 33. 38 40. 86 19.55 80.32 4.11 
23i 12-18 4.32 0. 44 38. 47 4. 20 4. 46 21. 42 31. 00 42.67 56.88 1.33 
23i 18-24 5. 10 0. 12 21. 50 5. 88 10. 74 34. 02 27. 74 27.38 72.50 2.65 
231 24-30 6.35 1. 02 9. 41 10. 88 19. 48 44. 62 14. 58 20.29 78.68 3. 88 
231 30-36 6.61 2. 74 2. 24 12. 24 18. 24 40. 30 10. 06 28.66 68.60 2. 39 
231 36-42 8.03 0. 69 43. 67 3. 18 5. 82 30. 66 15. 98 46.85 52.46 1. 12 
231 42-48 8.27 0. 96 51. 49 4. 44 6. 42 22. 46 14. 22 55.93 43. 10 0.77 
23i 48-54 8.61 1. 30 64. 02 3. 48 5. 00 15. 46 10. 74 67.50 31.20 0. 46 
231 54-60 8.27 1. 77 28. 40 8. 28 13. 30 37. 70 10. 54 36.68 61.54 1.68 
24a 0— 6 7.25 1. 88 73. 57 3. 82 3. 44 7. 06 10. 22 77.39 20.72 0. 27 
24a 6-12 6.41 1. 79 58. 89 5. 44 6. 02 15. 46 12. 40 64.33 33.88 0. 53 
24a 12-18 6.01 1. 27 36. 62 7. 24 10. 74 27. 40 16. 72 43. 86 54. 86 1.25 
24a 18-24 5.85 1. 07 24. 54 4. 56 7. 08 28. 52 34. 22 29. 10 69.82 2. 40 
24a 24-30 5.89 0. 75 19. 71 4. 22 8. 42 26. 78 40. 12 23.93 75.32 3. 15 
24a 30-36 5.91 0. 84 16. 78 5. 58 17. 24 20. 12 39. 44 22.36 76.80 3.43 
24a 36-42 5.79 0. 83 18. 53 6. 02 11. 00 28. 94 34. 68 24.55 74.62 3.04 
24a 42-48 6.43 0. 67 16. 21 6. 92 9. 62 31. 88 34. 70 23.13 76.20 3.29 
24a 48-54 6.38 1. 55 21. 33 7. 24 9. 84 29. 96 30. 08 28.57 69.88 2.45 
24a 54-60 7.32 1. 85 15. 27 15. 12 18. 14 38. 68 10. 94 30.39 67.76 2.23 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site De pth 
(in.) 
PH >62 62 1-4 4-2 2- 1 1-. 5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
25b 0— 6 6.19 1. 65 40. 04 7. 56 8. 48 24. 56 17. 70 47.60 50.74 1. 07 
25b 6--1 2 4.82 0. 37 11. 82 4. 36 6. 04 24. 52 52. 88 16. 18 83.44 5. 16 
25b 12-18 4.96 0. 34 12. 10 3. 96 6. 50 23. 54 53. 56 16.06 83.60 5. 21 
25b 18-24 4.86 0. 12 9. 00 4. 28 7. 28 26. 90 52. 42 13. 28 86.60 6. 52 
25b 24-30 4.80 0. 18 8. 07 4. 55 9. 28 29. 94 48. 08 12.62 87. 20 6. 91 
25b 30-36 4.81 0. 23 9. 39 7. 34 8. 16 30. 30 44. 58 16.73 83.04 4. 96 
25b 36-42 4.76 0. 36 11. 22 7. 78 9. 60 29. 88 41. 16 19.00 80.64 4. 24 
25b 42-48 5. 17 0. 55 13. 75 8. 98 10. 56 29. 36 36. 80 22.73 76.72 3. 38 
25b 48-54 5.38 0. 95 24. 23 8. 30 8. 98 25. 30 32. 24 32.53 66.52 2. 04 
26c (1— 6 5.38 2. 81 27. 15 10. 26 14. 18 31. 54 14. 06 37.41 59.78 1. 60 
26c 6-12 4.73 2. 82 22. 46 9. 74 9. 72 21. 68 33. 58 32.20 64.98 2. 02 
26c 12-18 4.22 1. 42 13. 87 6. 28 6. 98 25. 02 46. 42 20. 15 78.42 3. 89 
26c 18-24 4.40 2. 36 14. 88 7. 06 9. 08 23. 24 43. 38 21.94 75.70 3. 45 
26c 24-30 4.28 0. 75 9. 03 7. 52 8. 74 31. 74 42. 22 16.55 82.70 5. 00 
26c 30-36 4.27 0. 20 9. 68 9. 98 10. 58 30. 96 38. 60 19.66 80. 14 4. 08 
26c 36-42 4.40 0. 26 11. 99 11. 90 13. 18 34. 06 28. 60 23.89 75.84 3. 17 
26c 42-48 5.21 0. 73 14. 96 10. 62 15. 62 38. 12 19. 94 25.58 73.68 2. 88 
26c 48-54 6.30 0. 18 9. 22 13. 12 15. 90 36. 92 24. 66 22.34 77.48 3. 47 
Particle size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Dept h pH >6 2 62 1-4 4-2 2-1 1-.5 <. 5 Total Total C/S 
(in.) Silt Clay 
27d 0—6 6. 16 2. 02 29. 00 11. 08 13. 30 29. 86 14. 74 40.08 57.90 1. 44 
27a 6-12 4. 37 0. 66 12. 31 5. 84 9. 62 23. 18 48. 38 18.15 81. 18 4. 47 
27d 12-18 4. 31 0. 22 10. 06 6. 68 8. 16 25. 28 49. 60 16.74 83.04 4. 96 
27d 18-24 4. 30 0. 20 9. 78 8. 84 9. 88 27. 98 43. 32 18.62 81 .18 4. 36 
273 24-30 4. 59 0. 31 11. 83 10. 32 11. 92 28. 14 38. 10 22. 1 5 78. 16 3. 53 
27a 30-36 5. 50 0. 83 10. 57 13. 28 18. 04 36. 36 20. 92 23. 85 75.32 3. 16 
27a 36-42 7. 33 0. 54 10. 87 16. 00 18. 84 38. 10 15. 64 26.87 72. 58 2. 70 
27a 42-48 7. 98 0. 47 12. 54 14. 96 18. 64 38. 54 14. 84 27.50 72.02 2. 62 
27a 48-54 8. 00 0. 28 14. 76 16. 72 19. 12 34. 56 14. 56 31.48 68.24 2. 17 
28e 0-6 7. 61 2. 32 17. 08 6. 16 9. 24 34. 50 30. 70 23.24 74.44 3. 20 
2 Be 6-12 5. 10 0. 01 0. 74 5. 46 7. 28 30. 20 45. 14 17.37 82.62 4. 76 
28e 12-18 5. 25 0. 74 9. 96 7. 00 11. 64 30. 08 40. 58 16.96 82.30 4. 85 
28e 18-24 4. 73 0. 64 13. 16 11. 44 14. 04 31. 76 28. 96 24.60 74.76 3. 04 
28e 24-30 5. 24 0. 73 13. 88 13. 02 15. 42 32. 64 24. 30 26.90 72.36 2. 69 
28e 30-36 7. 68 1. 06 0. 66 19. 84 18. 96 33. 86 10. 38 35.74 63.20 1. 77 
28e 36-42 6. 29 1. 45 11. 45 13. 88 16. 38 36. 20 20. 64 25.33 73.22 2. 89 
28e 42-48 6. 69 0. 71 14. 31 17. 16 15. 64 31. 82 20. 36 31.47 67.82 2. 16 
28e 48-54 6. 84 1. 09 11. 91 16. 12 16. 76 34. 78 19. 34 28.03 70. 88 2. 53 
28e 54-60 7. 06 0. 19 13. 39 11. 50 13. 28 35. 22 26. 42 24. 89 74.92 3. 01 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
Site Depth pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
(i&") Silt Clay 
29f 0—6 6. 44 
29f 6 -12 4. 85 
29f 12 -18 4. 22 
29f 18 -24 4. 03 
29f 24 -30 3. 90 
29f 30 -36 4. 19 
29f 36 -42 4. 79 
29f 42 -48 5. 90 
29f 48 -54 7. 05 
30g 0-6 5. 61 
30g 6 12 4. 27 
30g 12 18 3. 94 
30g 18 24 3. 94 
30g 24 •30 3. 94 
30g 30 36 4. 06 
30g 36 42 4. 41 
30g 42 "48 4. 57 
30g 48 54 5. 09 
2.46 24.62 10.50 
0. 78 10. 40 3. 92 
1. 87 14. 48 6. 68 
0. 52 8. 26 6. 62 
0. 19 8. 69 9. 98 
0. 18 10. 71 11. 18 
0. 36 12. 85 14. 44 
0. 36 11. 25 13. 36 
0. 47 11. 83 16. 82 
2. 16 27. 21 9. 84 
0. 21 8. 96 4. 82 
0. 06 7. 23 3. 58 
0. 22 7. 43 5. 54 
0. 27 11. 22 8. 64 
0. 22 13. 59 9. 38 
0. 51 15. 50 14. 28 
0. 33 12. 02 12. 24 
0. 63 14. 79 13. 18 
13. 72 33. 00 15. 70 
5. 22 23. 34 56. 34 
7. 64 23. 36 45. 96 
7. 42 26. 34 50. 84 
1 0. 96 30. 76 39. 42 
11. 58 28. 46 37. 88 
14. 16 31. 02 27. 16 
16. 34 36. 44 22. 24 
18. 42 35. 90 16. 56 
11. 82 26. 86 22. 10 
6. 58 23. 38 56. 04 
5. 82 22. 14 61. 16 
7. 46 26. 12 53. 22 
9. 66 28. 74 41. 46 
9. 74 24. 98 42. 08 
12. 48 27. 84 29. 38 
13. 00 33. 66 28. 74 
14. 84 33. 94 22. 62 
35.12 62.42 1.78 
14. 32 84. 90 5. 93 
21. 16 76. 96 3. 64 
14. 88 84. 60 5. 69 
18. 67 81. 14 4. 35 
21. 89 77. 92 3. 56 
27. 29 72. 34 2. 65 
24. 61 75. 02 3. 05 
28. 65 70. 88 2. 47 
37. 05 60. 78 1. 64 
13. 78 86. 00 6. 24 
10. 81 89. 12 8. 24 
12. 97 86. 80 6. 69 
19. 86 79. 86 4. 02 
22. 97 76. 80 3. 34 
29. 78 69. 70 2. 34 
24. 26 75. 40 3. 11 
27. 97 71. 40 2. 55 
Particle Size Distribution - Zwingle Series 
Percent Frequency 
(microns) 
Site Depth pH >62 62 -4 4-2 2-1 1-. 5 <. 5 Total Total C/S 
(ia.) Silt Clay 
31h 0— 6 5. 17 2.54 25. 97 9. 88 10. 42 24. 18 27. 00 35.86 61.60 1.72 
31h 6-12 4.26 0.89 11. 20 3. 70 8. 34 21. 86 54. 00 14.90 84.20 5.65 
31h 12-18 4. 17 1.93 14. 98 5. 46 6. 50 22. 16 48. 96 20.44 77.62 3.80 
31h 18-24 4.13 0.71 9. 54 7. 80 14. 82 14. 78 52. 34 17.35 81.94 4.72 
31h 24-30 3.98 0. 26 14. 36 11. 02 8. 40 30. 20 35. 76 25. 38 74. 36 2.93 
31h 30-36 4.03 0.28 17. 72 13. 44 9. 56 24. 42 34. 58 31.16 68.56 2.20 
31h 36-42 4.45 0.55 15. 34 13. 78 13. 02 23. 98 28. 32 29.12 70.32 2.41 
31h 42-48 4.84 0.49 17. 07 14. 02 13. 00 30. 26 25. 16 31.09 68.42 2. 20 
31h 48-54 5.69 0.46 15. 66 16. 28 15. 04 31. 34 21. 22 31.94 67.60 2.12 
32i ()— 6 6. 16 4. 19 29. 81 10. 34 11. 50 25. 14 19. 02 40. 15 55. 66 1. 39 
32i 6-12 4. 21 1. 20 14. 67 8. 80 9. 94 25. 58 39. 80 23. 47 75. 32 3. 21 
32i 12-18 3. 89 0. 29 9. 1 4 5. 50 8. 08 26. 04 50. 94 14. 64 85. 06 5. 81 
32i 18-24 3. 92 0. 28 8. 82 3. 14 8. 28 26. 26 53. 22 11. 96 87. 76 7. 34 
32i 24 30 3. 79 0. 46 7. 13 6. 66 8. 06 32. 92 44. 76 13. 80 85. 74 6. 21 
32i 30-36 3. 97 0. 26 18. 63 10. 76 9. 84 26. 38 34. 12 29. 39 70. 34 2. 39 
32i 36-42 4. 30 0. 22 20. 14 16. 28 9. 14 27. 68 26. 54 36. 42 63. 36 1. 74 
32i 42-48 5. 06 0. 37 16. 41 14. 38 14. 02 31. 60 23. 22 30. 79 68. 84 2. 24 
32i 48-54 6. 23 0. 42 16. 67 12. 76 14. 68 39. 04 16. 42 29. 43 70. 14 2. 38 
Particle Size Distribution - Zwingle series 
Percent Frequency 
(microns) 
Site Depth PH >62 62 1-4 4-2 2- 1 1-.5 <. 5 Total Total C/S 
(in.) Silt Clay 
33a 0—6 7.31 2. 54 39. 28 10. 12 15. 04 24. 70 8. 32 49.40 48.06 0.97 
33a 6-12 6.00 0. 06 1. 44 3. 16 5. 34 21. 84 47. 20 25.56 74.38 2.91 
33a 12-18 6.98 4. 23 10. 02 5. 46 11. 74 34. 56 33. 98 15.48 80.28 5.19 
33a 18-24 7.32 3. 10 9. 99 6. 72 15. 02 38. 06 27. 10 16.71 80. 18 4.80 
33a 24-30 7.26 1. 52 7. 75 12. 58 17. 24 34. 54 26. 36 20. 3 3 78. 14 3. 84 
33a 30-36 7.53 5. 24 6. 54 14. 96 17. 56 33. 20 11. 50 32. 50 62. 26 1.92 
33a 36-42 7.40 3. 58 24. 38 11. 10 14. 08 28. 40 18. 46 35.48 60.94 1.72 
33a 42-48 7.04 4. 09 14. 79 9. 32 15. 52 32. 38 23. 90 24. 11 71.80 2.98 
33a 48-54 7.81 0. 33 52. 61 7. 92 9. 10 17. 78 12. 26 60.53 39. 14 0.65 
33a 54-60 6.61 0. 95 25. 74 10. 22 8. 52 21. 78 32. 78 35.96 63.08 1.75 
38d ()— 6 7.22 3. 92 50. 63 5. 66 6. 36 14. 90 18. 52 56. 29 39.78 0.71 
3 8a 6-12 5.69 0. 29 4. 54 6. 26 6. 56 24. 06 39. 96 29.13 70.58 2. 42 
38d 12-18 6.82 0. 86 26. 28 10. 32 10. 88 27. 98 23. 68 36.60 62.54 1.71 
38d 18-24 7.73 0. 96 50. 49 5. 54 7. 04 20. 22 15. 74 56.03 43.00 0. 77 
38d 24-30 7.83 1. 18 57. 86 6. 24 5. 70 17. 90 11. 12 64.10 34.72 0.54 
38d 30-36 7.10 0. 63 14. 22 10, 62 10. 06 24. 94 9. 32 55.05 44.32 0. 81 
38d 36-42 7.43 1. 00 18. 69 18. 08 20. 34 31. 22 10. 66 36.77 62. 22 1.69 
38d 42-48 8.06 2. 11 17. 50 16. 36 20. 98 34. 58 8. 46 33.86 64.02 1.89 
38d 48-54 8.20 3. 12 15. 56 15. 30 21. 70 36. 02 8. 30 30.86 66.02 2. 14 
38d 54 "60 8.23 6. 94 38. 31 25. 58 0. 22 19. 42 9. 96 63.89 29. 16 0.46 
Particle Size Distribution - Zvringle Series 
Percent Frequency 
(nierons) 
Site Depth 
(iii.) 
pH >62 62 -4 4-2 2-1 1-.5 <. 5 Total 
Silt 
Total 
Clay 
C/S 
43a 0-6 6.92 10.79 57. 38 4. 00 4. 32 10. 26 13. 24 61.38 27.82 0.45 
43a 6-12 7.05 14.97 21. 52 5. 08 4. 26 11. 70 7. 50 61.57 23.46 0. 38 
43a 12-18 7.00 13.94 56. 57 5. 28 3. 98 9. 96 10. 26 61.85 24.20 0.39 
43a 18-24 6.78 7.44 42. 57 5. 12 3. 46 13. 96 27. 44 47.70 44.86 0.94 
43a 24-30 6.28 3.21 26. 37 10. 72 3. 68 19. 24 36. 78 37.09 59.70 1.61 
4 3a 30-36 4.78 1.95 5. 98 7. 02 7. 18 25. 08 36. 02 29.77 68.28 2.29 
43a 36-42 6.22 4.77 38. 92 6. 14 3. 48 16. 16 30. 52 45.06 50.16 1.11 
4 3a 42-48 7.05 2.60 37. 41 5. 98 3. 78 22. 20 28. 02 43.39 54.00 1.24 
43a 48-54 6.27 1.60 25. 47 4. 60 8. 16 31. 56 28. 60 30.07 68.32 2. 27 
43a 54-60 6.94 1.48 38. 95 5. 62 0. 52 28. 36 25. 06 44. 57 53.94 1.21 
44b 0—6 7.33 13.75 55. 25 3. 26 2. 42 8. 28 17. 04 58.51 27.74 0.47 
44b 6-12 6.77 8.63 25. 64 3. 84 1. 58 10. 68 15. 90 63.21 28. 16 0.45 
44b 12-18 7.25 15.04 48. 61 4. 38 3. 32 9. 48 19. 16 52.99 31.96 0.60 
44b 18-24 7.06 11. 20 51. 17 4. 08 2. 82 10. 36 20. 36 55.25 33.54 0.61 
44b 24-30 6.99 11.65 50. 41 4. 30 2. 36 10. 70 20. 58 54.71 33.64 0.61 
44b 30-36 7.15 8. 24 22. 50 4. 02 3. 30 9. 94 16. 46 62.06 29.70 0.48 
44b 36-42 7.08 7.60 56. 34 3. 90 2. 46 10. 26 19. 44 60.23 32.16 0.53 
44b 42-48 7.11 7.31 47. 91 3. 04 2. 58 12. 38 26. 78 50.95 41.74 0.82 
44b 48-54 7.56 6.81 63. 01 3. 44 2. 62 8. 70 15. 42 66.45 26.74 0.40 
44b 54-60 7.32 7.70 63. 87 3. 10 4. 78 5. 88 14. 66 66.97 25.32 0.38 
Particle Size Distribution - Zvingle Series 
Percent Frequency 
(microns) 
site Depth pH >62 62-4 4-2 2-1 T-.5 <5 Total Total C/S 
(il.) silt Clay 
45c ()— 6 6. 28 9. 74 68. 83 5. 48 4. 62 5. 66 5. 66 74. 32 15. 94 0. 21 
45c 6-12 5. 16 9. 28 25. 28 5. 82 4. 42 7. 20 5. 62 73. 48 17. 24 0. 23 
45c 12-18 6. 85 4. 46 49. 68 5. 62 4. 42 14. 26 21. 56 55. 30 40. 24 0. 73 
45c 18-24 6. 20 1. 99 40. 52 8. 54 2. 82 17. 18 28. 94 49. 06 48. 94 1. 00 
45c 24-30 6. 31 0. 89 37. 42 8. 78 4. 24 18. 56 30. 10 46. 20 52. 90 1. 15 
45c 30-36 5. 43 0. 73 16. 94 6. 32 5. 26 16. 72 25. 54 51. 75 47. 52 0. 92 
45c 36-42 6. 23 0. 86 54. 68 6. 38 3. 10 14. 12 20. 86 61. 06 38. 08 0. 62 
45c 42-48 6. 72 1. 07 59. 39 5. 84 2. 66 14. 82 16. 22 65. 23 33. 70 0. 52 
45c 48 — 54 6. 56 0. 84 57. 19 5. 32 3. 90 14. 10 18. 64 62. 51 36. 64 0. 59 
4 5c 54—60 6. 68 0. 91 58. 81 5. 42 3. 92 6. 80 24. 14 64. 23 34. 86 0. 54 
Complete Particle Size Analysis of Selected Samples 
Separate Sizes Expressed in Microns 
Core Depth 62-31 31-16 16-8 8-4 4-2 2-1 1-.5 <. 5 >62 Total 
Silt 
Total 
Clay 
1 6-12 13. 39 16. 42 11. 14 11. 62 9. 96 12. 00 8. 72 8. 98 7. 77 62.53 29.70 
1 30-36 17. 26 20. 82 10. 60 5. 06 2. 60 6. 30 14. 28 21. 18 1. 90 56.34 41.76 
2a 6-12 3. 41 2. 00 15. 74 0. 24 10. 62 16. 08 16. 42 35. 34 0. 15 32.01 67.84" 
2a 30-36 0. 04 6. 54 17. 46 19. 00 19. 24 12. 40 21. 86 13. 84 0. 56 51.34 48.10 
3b 6-12 3. 02 0. 72 2. 04 1. 92 4. 32 6. 66 30. 68 49. 98 0. 66 12.02 87.32 
3b 30-36 9. 63 30. 84 16. 68 6. 72 4. 20 4. 00 14. 76 12. 98 0. 19 68.07 31.74 
4c 6-12 2. 94 1. 26 0. 36 4. 56 5. 28 5. 78 25. 68 53. 64 0. 50 14.40 85.10 
4c 30-36 2. 72 14. 00 9. 78 8. 06 9. 86 12. 22 28. 98 13. 42 0. 96 44.42 54.62 
5 6-12 7. 30 10. 66 8. 38 4. 26 13. 24 14. 10 21. 52 18. 98 1. 56 43.84 54.60 
5 30-36 6. 05 10. 90 16. 54 11. 60 10. 72 6. 20 15. 12 17. 54 5. 33 55.81 38.86 
6 6-12 5. 43 4. 60 8. 82 0. 30 8. 38 8. 54 27. 80 35. 80 0. 33 27.53 72.14 
6 30-36 4. 60 8. 20 5. 88 5. 90 11. 62 14. 22 34. 54 14. 44 0. 60 36.20 63.20 
7a 6-12 3. 24 4. 50 8. 04 14. 72 10. 98 7. 36 23. 48 27. 18 0. 50 41.48 58.02 
7a 30-36 11. 73 16. 82 18. 22 4. 46 7. 54 5. 78 17. 58 16. 34 1. 53 58.77 39.70 
10 6-12 8. 40 9. 44 12. 92 18. 80 15. 98 9. 52 13. 44 8. 98 2. 52 65.54 31.94 
10 30-36 0. 36 1. 96 7. 74 13. 92 18. 86 17. 68 28. 78 10. 48 0. 22 42.84 56.94 
Complete Particle Size Analysis of Selected Samples 
Separate Sizes Expressed in Microns 
Core Depth 62-31 31-16 16-8 8-4 4-2 2-1 1-.5 <.5 >62 Total Total 
Silt Clay 
12b 6 -12 7. 43 9. 34 7. 46 7. 82 8. 28 9. 98 22. 84 23. 20 3. 65 40. 33 56. 02 
12b 30 -36 9. 74 16. 52 13. 18 8. 50 6. 64 6. 04 5. 04 33. 18 1. 16 54. 58 44. 26 
13 6 -12 5. 88 2. 52 1. 76 5. 08 7. 30 8. 94 26. 80 41. 16 0. 56 22. 54 76. 90 
13 30 -36 9. 57 12. 10 11. 26 9. 26 9. 42 8. 32 19. 48 18. 84 1. 75 51. 61 46. 64 
1U 6 -12 7. 20 9. 26 9. 88 13. 16 12. 24 10. 96 15. 20 11. 44 10. 66 51. 74 37. 60 
14 30 -36 7. 09 5. 80 6. 16 10. 94 9. 66 10. 52 30. 42 18. 50 0. 92 39. 65 59. 44 
15a 6 -12 5. 62 3. 44 2. 30 7. 64 9. 40 8. 50 26. 16 36. 70 0. 24 28. 40 71. 36 
15a 30 -3 6 11. 70 9. 14 5. 06 4. 68 7. 90 9. 22 25. 60 17. 80 8. 90 38. 48 52. 62 
16b 6 -12 5. 38 3. 82 2. 72 4. 90 7. 36 11. 50 27. 70 35. 88 0. 74 24. 18 75. 08 
16b 30 -36 4. 29 2. 08 5. 08 11. 44 15. 28 14. 70 28. 60 17. 04 1. 49 38. 17 60. 34 
21g 6 -12 7. 29 4. 24 1. 78 2. 78 3. 56 5. 68 27. 68 46. 84 0. 16 19. 65 80. 20 
21g 30 -36 3. 27 1 . 00 2. 56 4. 46 13. 06 17. 48 41. 74 15. 98 0. 45 24. 35 75. 20 
22h 6 -12 6. 90 7. 78 5. 86 7. 06 11. 16 11. 90 22. 54 23. 98 2. 82 38. 76 58. 42 
22h 30 -36 1. 96 1. 76 1. 10 3. 38 11. 34 17. 24 51. 88 14. 08 1. 18 15. 62 83. 20 
23i 6 -12 7. 71 4. 58 2. 08 2. 22 2. 96 6. 08 33. 38 40. 86 0. 13 19. 55 80. 32 
23i 30 -36 7. 10 2. 24 3. 20 3. 88 12. 24 18. 24 40. 30 10. 06 2. 74 28. 66 68. 60 
Complete Particle Size Analysis of Selected Samples 
Separate Sizes Expressed in Microns 
Core Depth 62-31 31-16 16-8 8-4 4-2 2-1 1-.5 <.5 >62 Total Total 
Silt Clay 
2Be 6 -12 8. 01 0. 74 0. 92 2. 24 5. 46 7. 28 30. 20 45. 14 0. 01 17. 37 82. 62 
28e 30 -36 1. 06 0. 66 2. 94 11. 24 19. 84 18. 96 33. 86 10. 38 1. 06 35. 74 63. 20 
33a 6 -12 18. 64 1. 44 0. 34 1. 98 3. 16 5. 34 21. 84 47. 20 0. 06 25. 56 74. 38 
33a 30 -36 1. 88 6. 54 4. 02 5. 10 14. 96 17. 56 33. 20 11. 50 5. 24 32. 50 62. 26 
38a 6 -12 6. 05 4. 54 5. 12 7. 16 6. 26 6. 56 24. 06 39. 96 0. 29 29. 13 70. 58 
38a 30 -36 4. 33 14. 22 14. 40 11. 48 10. 62 10. 06 24. 94 9. 32 0. 63 55. 05 44. 32 
43a 6 -12 11. 61 21. 52 14. 30 9. 06 5. 08 4. 26 11. 70 7. 50 14. 97 61. 57 23. 46 
43a 30 -36 3. 73 5. 98 7. 62 5. 42 7. 02 7. 18 25. 08 36. 02 1. 95 29. 77 68. 28 
44b 6 -12 11. 31 25. 64 15. 60 6. 82 3. 84 1. 58 10. 68 15. 90 8. 63 63. 21 28. 16 
44b 30 -36 12. 66 22. 50 15. 56 7. 32 4. 02 3. 30 9. 94 16. 46 8. 24 62. 06 29. 70 
45c 6 -12 12. 34 25. 28 26. 52 3. 52 5. 82 4. 42 7. 20 5. 62 9. 28 73. 48 17. 24 
45e 30 -3 6 7. 09 16. 94 13. 24 8. 16 6. 32 5. 26 16. 72 25. 54 0. 73 51. 75 47. 52 
Complete Particle size Analysis of Selected Samples 
Separate Sizes Expressed in Nierons 
core Depth 62-31 31-16 16-8 8-4 4-2 2-1 1-.5 <.5 >62 Total Total 
Silt Clay 
20f )-6 8. 94 22. 86 19. 50 10. 76 5. 82 5. 36 10. 64 15. 12 1. 00 67. 88 31. 12 
20f 6 -12 9. 20 14. 94 14. 44 9. 98 7. 82 7. 06 16. 22 18. 92 1. 42 56. 38 42. 20 
20f 12 -18 4. 15 1. 26 2. 04 1. 44 3. 78 6. 36 29. 60 51. 36 0. 01 12. 67 87. 32 
20f 18 -24 3. 10 1. 36 1. 96 2. 00 4. 02 6. 52 30. 52 50. 04 0. 48 12. 44 8g. 08 
20f 24 -30 3. 06 1. 14 1. 92 1. 60 5. 02 8. 02 33. 28 45. 86 0. 10 12. 74 87. 16 
2 Of 30 -36 10. 09 0. 06 1. 42 1. 94 6. 44 9. 72 31. 88 38. 18 0. 27 19. 95 79. 78 
20f 36 -42 0. 96 0. 08 1. 44 4. 58 7. 96 13. 76 44. 92 25. 90 0. 40 15. 02 84. 58 
20f 42 -48 0. 03 0. 06 1. 62 3. 10 11. 42 18. 00 47. 92 17. 44 0. 41 16. 23 83. 36 
20f 48 -54 1. 16 0. 08 1. 52 4. 74 16. 16 18. 40 44. 30 12. 72 0. 92 23. 66 75. 42 
20f 54 -60 2. 01 1. 34 1. 72 4. 96 14. 66 20. 24 44. 12 10. 28 0. 67 24. 69 74. 64 
20f 60 -66 1. 28 0. 62 2. 40 6. 26 15. 76 19. 38 41. 36 11. 64 1. 30 26. 32 72. 38 
20f 66 -72 1. 94 1. 04 1. 80 5. 04 14. 40 20. 14 43. 40 10. 14 2. 10 24. 22 73. 68 
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APPENDIX C: STATISTICS OF TERRACE SOILS 
Statistics for particle size and pH of all profiles 
within the terrace system is given here. For aid in inter­
pretation, the following abbreviation explanations are given. 
mean: unweighted mean 
median» median 
mid-rang: mid-range 
5-mean: % unweighted trimmed mean 
std.dev: standard deviation 
range: range 
variance : variance 
coef.var: coefficient of variation 
slope: slope 
prb.ex.t: probability of exceeding T 
minimum: minimum 
maximum: maximum 
skewness: , skewness 
kurtosis: Bg, kurtosis 
stud-t: student's T 
Statistics of all Zwingle Soils Sampled 
Including only samples from 0 to 6 inches in depth 
Variable pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
mean 6. 69 4. ,43 42. 84 9. 11 10. , 15 19. 31 14. , 15 51. ,96 43. 61 0. 97 
median 6. ,91 3, .46 41. 38 9, 80 10. 22 17. ,68 13. , 34 52. 01 43. 78 0, .85 
mid-ram g 6. , 33 7. ,38 45. 32 9. ,83 10. .16 20.08 18. 18 50. 31 45. 19 1. ,71 
5-mean 6. 72 4. 25 42. 69 9. ,07 10. . 15 19. ,26 13. 89 52.06 43. .51 0. ,92 
std,dev 0. ,67 3. 06 13. ,43 3. ,19 3. ,76 7. 98 5. .88 12. ,47 13. 76 0. ,59 
range 2. 83 12. ,75 56. 49 13. , 14 15. 48 28. ,84 25. ,04 54. 15 58. 50 2. ,99 
variance 0, .45 9, .36 180. 43 10. .17 14, ,12 63. 75 34. ,62 155. ,47 189. 25 0. ,35 
coef.var 10. 07 69. 05 31. 35 34. ,99 37.01 41. , 36 41. ,59 24. ,00 31. 55 61. ,29 
slope -0. 01 0, .01 -0. 09 -0, .18 -0. ,13 0. , 17 0. 22 -0. 26 0. ,26 0. 02 
prb.ex.t 0. ,87 0. 99 0. 96 0, .63 0. 77 0. ,87 0.76 0. 87 0. 88 0. 83 
minimum 4. 92 1. 00 17. 08 3. ,26 2. , 42 5. .66 5. ,66 23. 24 15. , 94 0. , 21 
maximum 7.75 13, .75 73. ,57 16. ,40 17. ,90 34. 50 30. ,70 77. 39 74. 44 3, .20 
skevness 0. ,99 2. , 19 0. ,08 0. 04 0. 01 0. 02 0. ,78 0. ,00 0. 00 2. 63 
kurtosis 3. ,46 4. ,52 2. 43 2.72 2. ,57 1. ,91 3. 1 66 2. 43 2. 31 6. 90 
stud-t 57. 92 8. 45 18. ,60 16, .67 15. ,75 14. , 10 14.02 24. 30 18. 48 9. ,51 
Statistics of all Zvingle Soils Sampled 
Including only samples from 6 to 12 inches in depth 
Variable pH >62 62-4 4-2 
mean 5. 12 2.39 26. 94 7. 16 
median 4. 93 0.76 20. 27 6. 28 
•id-rang 5. 53 7.49 37. 68 9. 47 
5-mean 5. 09 2.07 26. 27 7. 01 
std.dev 0. 84 3.60 17. 80 3. 18 
range 3. 03 14.96 59. 96 13. 02 
variance 0. 70 12.99 316. 91 10. 09 
coef.var 16. 38 150.83 66. 08 44. 38 
slope 0. 01 0.07 0. 16 -0. 17 
prb.ex.t 0. 92 0.87 0. 94 0. 65 
minimum 4. 02 0.01 7. 70 2. 96 
maximum . 7. 05 14.97 67. 66 15. 98 
skevness 0. 56 4.21 0. 75 0. 69 
kurtosis 2. 55 6.42 2. 39 3. 12 
stud-t 35. 59 3.87 8. 82 13. 14 
2-1 1-.5 <. 5 Total Total C/S 
Silt Clay 
7. 92 21. 98 33. 60 34.10 63.51 2. 89 
7. 18 23. 26 36. 29 27.96 71.75 2. 57 
8. 83 21. 63 30. 98 42.75 52.28 3. 75 
7. 86 22. 01 33. 77 33.56 64.21 2. 83 
3. 01 6. 85 16. 31 18.91 21.63 2. 09 
14. 50 28. 86 50. 72 61. 46 70.08 7. 03 
9. 09 46. 97 266. 18 357.60 467.72 4. 37 
38. 06 31. 17 48. 55 55.45 34.05 72. 39 
-0. 17 -0. 08 0. 18 -0.01 -0.07 0. 01 
0. 63 0. 92 0. 93 1.00 0.98 0. 97 
1. 58 7. 20 5. 62 12.02 17.24 0. 23 
16. 08 36. 06 56. 34 73. 48 87.32 7. 26 
0. 37 0. 11 0. 07 0.40 0.53 0. 19 
3. 40 2. 68 1. 76 2.00 2.12 1. 98 
15. 32 18. 70 12. 01 10.51 17.12 8. 06 
Statistics of all Zvingle Soils Sampled 
Including only samples from 12 to 18 inches in depth 
Variable PH >62 62-4 4--2 2-•1 1--.5 
1 
1 
1 1 
in 
1 
1 
.
 
r
 Total 
Silt 
Total C/S 
Clay 
mean 5. 03 2. 03 21. ,53 7. ,32 7. 80 23. 21 38. 11 28. 84 69, .12 3. 46 
median 4. 66 0. 80 14. ,69 6. ,48 7, .72 24. 12 39, .62 21, 17 77. ,29 3, .66 
raid-ran'j 5. ,57 7. 52 31. 90 10, .55 7. 53 22.02 35. 71 37. 65 56. ,66 4, .32 
5-mean 5.00 1. 69 20. ,88 7, . 11 7. , 82 23. , 29 38. 25 28. 29 69, ,90 3, .41 
std.dev 1. 01 3, .38 14. 48 3. ,37 2. 36 5. 72 13. 61 15, .61 17. ,72 2, .21 
range 3. .36 15. 03 49. 34 13. 94 8. 42 25. ,08 50. 90 53. ,68 64. 92 7, .85 
variance 1. 02 11. 45 209. 60 11. 35 5, 57 32. ,72 185. 28 243, ,72 313. ,96 4. 87 
coef. vai: 20, 05 166. 52 67. 26 46, .04 30. ,25 24. 64 35. 72 54. . 13 25. 63 63, .66 
slope 0. ,04 0. 15 0. ,22 -0. , 14 -0. ,04 -0. ,05 -0. 13 0. ,08 -0. . 22 0. ,01 
prb.ex.t 0, .74 0. 72 0. ,90 0. , 12  0, .88 0. ,94 0. 94 0. ,97 0. 92 0. 98 
minimum 3, 89 0. 01 7. ,23 3. ,58 3. ,32 9. ,48 10. 26 10, .81 24. , 20 0. ,39 
maximum 7, , 25 15. 04 56. ,57 17, .52 11. ,74 34. ,56 61. ,16 64, .49 89. .12 8. 24 
skewnesEs 1. .10 9, .28 0. 93 1. ,86 0, .00 0. ,76 0. 13 0. 55 0. ,95 0. , 08 
Jcurtosiîs 2. ,77 11. .6 6 2. ,72 4. ,48 2. 02 3. 62 2. , 14 2. ,37 3, ,03 1, 93 
stud-t 29. 09 3. 50 8. 67 12. 66 19. ,28 23. 66 16. 32 10, .77 22, .75 9, .16 
Statistics of all Zwingle Soils Sampled 
Including only samples from 18 to 24 inches in depth 
Variable» pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
mean 5. 01 1 .38 19. 99 7. 85 8, .30 25. 97 36. 50 27. 84 70. 78 3. 48 
median 4. 63 0 .67 14, .41 6. 82 8. 29 26. 30 35. 52 23. 17 75. 39 3. 27 
mid-ranci 5. 82 5 .66 28. 97 11. 93 6. 48 24. 21 34. 48 33. 75 60. 96 4. 16 
5-mean 4. 96 1 . 11 19. 43 7. 59 8. 42 26. 08 36. 63 27, .47 71. 39 3. 44 
std.dev 1. 06 2 .20 13. 82 4. 71 4. , 17 7. 32 10. ,97 13. 89 15. . 12 2. 12 
range 3. , 81 11 .08 44. .96 26. . 38 19. 52 27. 70 37. 48 44. ,56 54. 84 7. .10 
variance 1. . 13 4 .82 190. 97 22. 21 17. , 36 53. 61 120. 25 192. 81 228. 75 4. .51 
coef. var- 21. , 25 159 . 15 69. 13 60. 06 50. . 19 28. 19 30. 04 49. 88 21. 37 61. 04 
slope 0. 04 0 .09 0. 16 -0. 19 0. 05 -0. 15 0. ,04 -0. , 03 -0. 05 0. . 04 
prb.ex.t 0. ,75 0 .75 0. 93 0. 74 0. 93 0. 87 0. 98 0. 99 0. 98 0. .88 
minimum 3, .92 0 .12 6. 49 -1. 26 -3. 28 10. ,36 15. 74 11. 47 33. 54 0. ,61 
maximum 7.73 11 . 20 51 . 45 25. 12 16. 24 38.06 53. 22 56.03 88, .38 7. 71 
skewness; 1. 24 11 .30 1. 32 2. 21 0. 14 0. 08 0. ,01 0. 52 0. 75 0. ,21 
kurtosis 3. . 18 17 .36 3. 11 6, .69 3. ,28 2. 36 1. , 80 2. . 28 2. 71 2. . 10 
stud-t 27. , 44 3 . 66 8.44 7. 71 11. 62 20. , 68 19. 41 1. 17 2. 73 9. , 55 
Statistics of all Zwingle Soils Sampled 
Including only samples from 24 to 30 inches in depth 
~ ——— 
Variable pH >62 62-4 4-2 2-1 1-.5 <. 5 Total Total C/S 
Silt Clay 
mean 5. 36 1 . 51 21. 73 9. 14 10. 32 26. 50 30. 81 30.87 67.63 2. 97 
median 5. 23 0. 67 14. 12 9. 20 9. 62 29. 97 30. 09 25. 33 73.36 2. 81 
•id-rang 5. 81 7. 75 33. 18 10. 44 15. 12 25. 00 29. 60 38.98 59.98 3. 71 
5-mean 5. 34 1 . 12 21. 01 9. 06 10. 02 26. 60 30. 88 30. 37 68. 10 2. 93 
std.dev 1. 08 3. 15 15. 30 3. 34 5. 00 8. 54 9. 27 14.89 15.84 1. 86 
range 4. OU 15. 31 52. 60 12. 44 25. 52 39. 24 36. 96 52.72 54.44 6. 41 
variance 1. 16 9. 89 234. 15 11 . 18 25. 00 72. 87 85. 86 221.70 250.94 3. 45 
coef.var 20. 12 207. 66 70. 43 36. 56 48. 46 32. 21 30. 07 48.23 23.42 62. 50 
slope 0. 02 -0. 00 -0. 24 -0. 05 -0. 11 0. 14 0. 25 -0. 28 0.29 0. 05 
prb.ex.t 0. 90 1. 00 0. 90 0. 91 0. 87 0. 90 0. 83 0.88 0.89 0. 84 
minimum 3. 79 0. 10 6. 83 4. 22 2. 36 5. 38 11. 12 12.62 32.76 0. 50 
maximum 7. 83 15. 41 59. 48 16. 66 27. 88 44. 62 48. 08 65.34 87.20 6. 91 
skewness 0. 13 13. 36 1. 16 0. 1 1 1. 47 0. 36 0. 00 0.57 0.54 0. 34 
kurtosis 2. 20 15. 27 3. 12 2. 40 5. 94 2. 95 2. 22 2.55 2.56 2. 41 
stud-t 28. 98 2. 81 8. 28 15. 95 12. 03 18. 10 19. 39 12.09 24.89 9. 33 
Statistics of all Zwingle Soils sampled 
Including only samples from 30 to 36 inches in depth 
Variable. pH >62 62-4 
mean 5. 83 1 . 56 28. 96 
median 5. 88 0. 83 23. 43 
mid-rançi 5. 82 4. 54 36. 08 
5-mean 5. 83 1 . 37 28. 52 
std.dev 1. 06 2. 16 17. 07 
range 3. 71 8. 72 55. 77 
variance 1. 13 4. 66 291. 37 
coef.var 13. 22 138. 51 58. 93 
slope -0. 02 0. 02 -0. 73 
prb.ex.t 0. 89 0. 95 0. 72 
minimum 3. 97 0. 18 8. 20 
maximum 7. 68 8. 90 63. 97 
skewnesE 0. 02 5. 56 3. 89 
kurtosis 2. 04 7. 67 2. 12 
stud-t 32. 00 4. 21 9. 89 
4-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
10. 22 11. 04 26. 25 22. 40 38. 75 59. 69 2. 01 
9. 92 10. 03 27. 42 18. 06 36. 27 62. 54 1. 74 
11. 22 11. 13 28. 46 26. 95 41. 84 56. 45 2. 89 
10. 16 11. 03 26. 12 22. 12 38. 55 59. 90 1. 95 
4. 37 4. 74 9. 75 10. 88 15. 29 15. 95 1. 32 
17. 24 15. 66 46. 84 35. 26 52. 45 53. 50 4. 87 
19. 06 22. 44 95. 13 118. 43 233. 66 254. 47 1. 75 
42. 73 42. 92 37. 15 48. 57 39. 45 26. 72 65. 96 
0. 01 0. 05 0. 19 0. 41 -0. 67 0. 65 0. 05 
0. 98 0. 93 0. 88 0. 76 0. 72 0. 74 0. 75 
2. 60 3. 30 5. 04 9. 32 15. 62 29. 70 0. 46 
19. 84 18. 96 51. 88 44. 58 68. 07 83. 20 5. 33 
0. 21 0. 04 0. 01 0. 47 0. 10 0. 08 0. 74 
2. 72 1. 89 3. 23 2. 00 1. 97 1. 96 2. 87 
13. 65 13. 58 15. 70 12. 00 14. 78 21. 82 8. 84 
Statistics of all Zwingle Soils Sampled 
Including only samples from 36 to 42 inches in depth 
Variable pH >62 62-tt 
mean 6, ,21 2.  37 28. 65 
median 6. 30 0. 93 23, .91 
mid-ran'j 6. 16 11, .50 37, .07 
5-mean 6, 22 1 , .80 28, .12 
std.dev 1. 09 4, .20 16, .62 
range 3. 73 22. , 56 60. ,02 
variance 1, 18 17, .66 276, .13 
coef. vai: 17. 47 177, .46 58. ,01 
slope -0. 02 -0. 05 -0, .43 
prb.exoi: 0. 87 0, .93 0. ,84 
•inimaa 4. 30 0, .22 7. 06 
maximum 8. 03 22. 78 67,08 
skewnes£i 0. 11 13. 84 0. 45 
kurtosisi 1. 98 17. 79 2. 23 
stud-t 33. 37 3. ,29 10. 05 
4-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
10. 57 11. 70 26. 79 20. 26 39. 21 58. 41 1. 85 
11. 13 13. 08 28. 96 19. 04 36. 59 61. 58 1. 70 
10. 78 12. 31 24. 10 25. 50 43. 96 54. 15 2. 98 
10. 55 11. 66 26. 96 19. 93 38. 92 58. 68 1. 78 
4. 55 5. 53 9. 58 7. 20 13. 97 15. 66 1. 15 
15. 20 19. 70 41. 64 31. 32 57. 88 60. 86 5. 31 
20. 67 30. 59 91. 73 51. 88 195. 18 245. 26 1. 33 
43. 03 47. 26 35. 75 35. 55 35. 63 26. 81 62. 43 
0. 05 -0. 05 0. 11 0. 32 -0. 38 0. 43 0. 03 
0. 93 0. 94 0. 93 0. 71 0. 83 0. 83 0. 85 
3. 18 2. 46 3. 28 9. 84 15. 02 23. 72 0. 33 
18. 38 22. 16 44. 92 41. 16 72. 90 84. 58 5. 63 
0. 00 0. 03 0. 32 0. 85 0. 23 0. 20 1. 37 
1. 69 2. 09 2. 64 3. 53 2. 49 2. 20 4. 70 
16. 55 12. 34 16. 31 16. 40 16. 37 21. 75 9. 34 
Statistics of all Zvingle Soils Sampled 
Including only samples from 42 to 48 inches in depth 
Variabl'i pH >62 62-4 4-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
mean 6. 82 2, .35 29. 64 10. 20 11, .68 27. 23 IB. , 89 39. ,84 57, .80 1, .89 
median 6. ,95 0, .84 23, .28 9. 88 13. .08 29, .26 17. 27 38. ,57 60, .20 1, .57 
mid-ranci 6.42 11, .75 43, .04 10. 78 11, .60 26. ,82 22. ,63 49, .30 50, .06 2, .67 
5-mean 6. 84 1, .76 28, .80 10, .17 11, .68 27. 25 18. ,66 39, , 25 58. 28 1, .84 
std.dev 1. ,02 4. 44 18, .80 5, .05 5, .70 11. 06 7. ,68 15. 97 17, .49 1, .23 
range 3. .70 22, .92 76. 46 19, .32 18, .76 42. , 20 28. , 34 66, .15 66, ,60 4, .93 
variance) 1, .04 19. 73 3 53, .48 25, .54 32, .48 122.40 59. ,05 255, 07 305, .73 1 , .51 
coef.var 14. ,94 189, .01 63. • 43 49, 53 48, .79 40. ,63 40.68 40, ,08 30, , 2 5  64. , 94 
slope -0. 04 -0. ,08 -0. 72 0. 03 0, .07 0. ,31 0. ,38 -0, .69 0, .77 0, .04 
prb.ex.t 0, .78 0. 89 0, .76 0. 96 0, .92 0. 82 0. ,67 0, .72 0, .72 0, .77 
minimum 4. 57 0. 29 4.81 1, .12 2, .22 5. ,72 8, 46 16. ,23 16, .76 0, , 20 
maximum 8. 27 23. ,21 81. ,27 21, .44 20. 98 47. ,92 36. , 80 82, .38 83. ,89 5, . 14 
skewness 0.43 13. 31 0, .61 0, .07 0, ,05 0. 08 0. 61 0. 31 0, .25 0, ,43 
kurtosis 2. ,56 16. 39 2. ,81 2, .23 1, .82 2. , 37 2. 90 2. ,67 2. ,31 2. ,65 
stud-t 39. 04 3, .08 9. 19 11.77 11. ,95 14. 35 14. 33 14. 55 19. 37 8. ,98 
Statistics of all Zvingle Soils Sampled 
Including only samples from 48 to 54 inches in depth 
Variable pH >62 62-4 4--2 2--1 1-.5 <.  5 Total Total C/S 
Silt Clay 
mean 7. 09 2. 97 32. 70 10. 04 11. 66 27. 20 15. , 44 42. 74 54. 29 1, .61 
median 7. 22 1. 12 25. 54 10. 26 11. 30 30. 03 14. ,33 38. 44 58. 22 1. 43 
•id-rarg 6. 74 18. 98 41, 20 9. 05 12. .16 24, ,81 19, .89 51. 02 48. 21 1. 85 
5-mean 7. 11 1. 97 32. 16 10. 10 11. 63 27. 35 15. , 16 42. 22 54. 67 1. 60 
std.dev 0. 97 6. 54 20, 75 5, .58 5. 67 11, . 19 6, .27 16. 82 18. 16 0. 97 
range 3. 73 37. 61 67. ,41 18. 94 19. 08 38, 98 24.70 57. 37 58. 54 3, .23 
variance 0. 94 42. 74 430. 42 31. 09 32, .09 125. 19 39. 37 282. 79 3 29. 62 0. 94 
coef,var 13. 65 220. 31 63. ,45 55, .53 48. 59 41. , 14 40, ,65 39. 35 33. 44 60. 20 
slope -0. 02 -0. 16 -0. 53 0. 06 0. 09 0. 24 0. 29 -0. 46 0. 62 0. 03 
prb.ex.t 0. 85 0. 85 0.84 0. 93 0, .90 0. 86 0, 70 0. 83 0. 78 0. 80 
minimum 4. 88 0. 18 7, 50 -0. ,42 2. 62 5. 32 7. 54 22. 34 18. 94 0, .24 
maximum 8. 61 37. 79 74. 91 18. 52 21. 70 44. 23 32. 24 79. 71 77. 48 3. 46 
skevness 0. 36 21. 70 0. ,41 0. ,00 0. 00 0. ,23 1. ,26 0. 47 0. 24 0. 04 
kurtosis 2. 58 25. 17 2. 04 1. 63 1. 83 2. 04 3. 71 2. 17 1. 83 1. 78 
stud-t 42. 71 2. 65 9. 19 10, .50 12. 00 14. , 17 14, 34 14. 82 17. 44 9. 69 
Statistics of all Zvingle Soils Sampled 
Including only samples from 51 to 60 inches in depth 
Variable pH >62 62-4 a-2 2-1 1-.5 <.5 Total Total C/S 
Silt Clay 
mean 7. 61 6. 48 38. 91 9. 39 9. 21 22. 03 13. 97 48. 30 45. 22 1. 17 
median 7. 72 1. 85 34. 84 7. 60 6. 76 22, 26 12. 22 46. 29 48. 40 1. 00 
mid-ran g 7. 11 17. 80 44. 84 13. 22 14. 34 24. 69 17. 80 55. 35 43. 58 1. 58 
5-mean 7. 65 5. 57 38. 43 9. 08 8. 80 21. 82 13. 66 47. 74 45. 35 1. 13 
std,dev 0. 70 8. 98 18. 67 5. 44 6. 95 11. 45 6. 50 16. 32 18. 61 0. 80 
range 2. 60 35. 22 69. 63 24. 72 29. 12 38. 86 29. 96 61. 32 62. 68 2. 88 
variance 0. U8 80. 64 348. 57 29. 63 48. 30 131. 02 42. 23 266. 33 346. 23 0. 64 
coef.var 9. 13 138. 60 47. 98 57. 96 75. 43 51. 95 46. 52 33. 79 41. 15 68. 51 
slope — Oe 03 -0. 28 -0. 58 0. 10 -0. 08 0. 39 0. 46 -0. 48 0. 77 0. 03 
prb.ex.t 0. 07 0. 21 0. 21 0. 49 0. 63 0. 17 0. 00 0. 24 0. 10 0. 08 
minimum 5. 81 0. 19 10. 03 0. 86 0. 22 5. 26 2. 82 2. 47 12. 24 0. 14 
maximum 8. 41 35. 41 97. 66 2. 56 28. 90 44. 12 32. 78 86. 01 74. 92 3. 02 
skewness 0. 60 4. 94 0. 34 1. 16 0. 84 0. 01 4. 55 0. 30 0. 02 0. 64 
kurtosis 2. 84 7. 29 2. 60 4. 23 3. 48 2. 02 1. 38 2. 56 1. 87 2. 96 
stud-t 56. 92 3. 75 10. 83 8. 97 6. 89 10. 00 11. 17 15. 38 12. 63 7. 58 
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APPENDIX D; CHEMICAL DATA 
Laboratory data for extractable iron, manganese, magnesi­
um, calcium, and available phosphorus for selected sites is 
included here. Data is from two separate extraction proce­
dures, one set of methods by the Soil Survey Staff (I967) 
and another by Perkin-Elmer Corp. (I968) for iron and 
manganese. Statistical relationships between the methods are 
discussed in the text. 
Legal notations of all site locations used in this study 
are also listed. 
Hydrochloric and Sulfuric Acid Extraction for Iron and Manganese 
Site Depth Total Free Free Site Depth Total Free Free 
Carbon Iron Manganese Carbon Iron Manganese 
(itt.) (%) (%) (%) (in.) {%) {%) (X) 
1 0- 6 1.444 0. 0124 0. 01311 2a 0—6 2. 245 0. 0080 0.01244 
1 6-12 0.571 0. 0136 0. 00408 2a 6-12 0. 031 0. 0208 0.00038 
1 12-18 0. 286 0. 0126 0. 00003 2a 12-18 0. 084 0. 0288 0.00017 
1 18-2% 0.008 0. 0124 0. 00002 2a 18-24 0. 198 0. 0210 0.00015 
1 24-30 0.240 0. 0168 0. 00002 2a 24-30 0. 164 0. 0126 0.00070 
1 30-36 0.059 0. 0132 0. 00003 2a 30-36 0. 076 0. 0114 0.00210 
1 36-42 0.000 0. 0106 0. 00103 2a 36-42 0. 059 0. 0106 0.00197 
1 U2 -48 0.044 0. 0112 0. 00140 2a 42-48 0. 418 0. 0064 0.00068 
1 48-54 0.000 0. 0120 0. 00232 2a 48-54 0. 755 0. 0068 0.00035 
1 54 -6 0 0.610 0. 0070 0. 00042 2a 54-60 3. 086 0. 0066 0.00002 
5 0—6 0.841 0. 0026 0. 01252 6 0-6 2. 173 0. 0024 0.00840 
5 6-12 0.844 0. 0032 0. 00653 6 6- 12 0. 433 0. 0078 0.00020 
5 12-18 0.250 0. 0054 0. 00060 6 12-18 0. 194 0. 0074 0.00012 
5 18-24 0. 123 0. 0060 0. 00029 6 18-24 0. 223 0. 0 056 0.00011 
5 24-30 0.126 0. 0046 0. 00140 6 24-30 0. 093 0. 0034 0.00061 
5 30-36 0.080 0. 0060 0. 00070 6 30-36 0. 045 0. 0036 0.00145 
5 36-4 2 0.021 0. 0078 0. 00075 6 36-42 0. 055 0. 0030 0.00165 
5 42-48 0.047 0. 0076 0. 00107 6 4 2-48 0. 345 0. 0008 0.00060 
5 48-54 0.003 0. 0064 0. 00065 6 48-54 0. 675 0. 0010 0.00047 
5 54-6 0 0.087 0. 0076 0. 00183 6 54-60 1. 500 0. 0010 0.00023 
Hydrochloric and sulfuric Acid Extraction for Iron and Manganese 
Site Depth Total Free Free site Depth Total Free Free 
Carbon Iron Manganese Carbon Iron Manganese 
(ii.) (*) (*) (*) (in.) (X) (X) (X) 
7a 0—6 3. 034 0. 0030 0. 00685 10 0 -6 2. 555 0. 0010 0. 00840 
7a 6-12 0. 614 0. 0058 0. 00048 10 6-12 1. 748 0. 0046 0. 00860 
7a 12-18 0. 541 0. 0074 0. 00009 10 12- 18 1. 222 0. 0046 0. 00851 
7a 18-24 0. 361 0. 0048 0. 00028 10 18-24 0. 248 0. 0068 0. 00036 
7a 24-30 0. 510 0. 0056 0. 001127 10 24-30 0. 000 0. 0054 0. 00172 
7a 30-36 0. 314 0. 0048 0. 00125 10 30-36 0. 086 0. 0048 0. 00235 
7a 36-42 0. 403 0. 0048 0. 00150 10 36-42 0. 189 0. 0020 0. 00100 
7a 42-48 0. 545 0. 004 6 0. 00140 10 42-48 0. 814 0. 0018 0. 00028 
7a 48-54 0. 619 0. 0052 0. 00125 10 48-54 0. 905 0. 0012 0. 00032 
7a 54-60 2. 502 0. 0010 0. 00031 10 54-60 2. 017 0. 0016 0. 00012 
12b 0-6 3. 098 0. 0018 0. 00780 13 0 -6 2. 150 0. 0008 0. 00875 
12b 6-12 1. 268 0. 0048 0. 00084 13 6— 12 0. 000 0. 0020 0. 00104 
12b 12-18 0. 000 0. 0048 0. 00070 13 12-18 0. 000 0. 0026 0. 00021 
12b 18-24 0. 000 0. 0028 0. 00151 13 18-24 0. 000 0. 0028 0. 00081 
12b 24-30 0. 167 0. 0026 0. 00140 13 24-30 0. 004 0. 0032 0. 00140 
12b 30-36 0. 000 0. 0044 0. 00041 13 30-36 0. 093 0. 0030 0. 00080 
12b 36-42 0. 000 0. 0034 0. 00062 13 36-42 0. 093 0. 0040 0. 00180 
12b 42-48 0. 692 0. 0012 0. 00042 13 42-48 0. 000 0. 0040 0. 00176 
12b 48-54 1. 604 0. 0006 0. 00051 13 48-54 0. 000 0. 0052 0. 00139 
12b 54—60 1. 636 0. 0006 0. 00128 13 54-60 0. 432 0. 0004 0. 00061 
Hydrochloric and Sulfuric Acid 
Site Depth Total Free Free 
Carbon Iron Manganese 
(in.) (X) (%) (%) 
15a 0-6 2. 169 0. 0024 0. 0076 
15a 6 -12 0. 265 0. 0122 0. 0007 
15a 12 -18 0. 078 0. 0074 0. 0006 
15a 18 -2U 0. 028 0. 0058 0. 0005 
15a 2it -30 0. 074 0. 0040 0. 0006 
15a 30 -36 0. 089 0. 0032 0. 0016 
15a 36 -i»2 0. 033 0. 0042 0. 0011 
15a 42 -48 c. 049 0. 0060 0. 0015 
15a U8 -54 0. 0 00 0. 0032 0. 0015 
15a 54 -60 1. 068 0. 0000 0. 0006 
21g 3-6 2. 714 0. 0076 0. 0140 
21g 6 -12 0. 347 0. 0132 0. 0004 
21g 12 -18 0. 000 0. 0100 0. 0002 
21g 18 -24 0. 000 0. 0050 0. 0004 
21g 24 -30 0. 000 0. 0008 0. 0012 
21g 30 -36 0. 000 0. 0052 0. 0034 
21g 36 -42 0. 000 0. 0000 0. 0012 
21g 42 -48 0. 733 0. 0000 0. 0007 
21g 48 -54 0. 881 0. 0000 0. 0005 
21g 54 -60 1. 105 0. 0000 0. 0003 
Extraction for Iron and Manganese 
Site Depth Total Free Free 
Carbon Iron Manganese 
(in.) (*) (%) (%) 
16b 0 -6 1. 536 0. 0056 0. 01234 
16b 6-12 0. 242 0. 0116 0. 00273 
16b 12-18 0. 000 0. 0102 0. 00231 
16b 18-24 0. 361 0. 0144 0. 00397 
16b 24-30 0. 000 0. 0078 0. 00108 
16b 30-36 0. 000 0. 0048 0. 00120 
16b 36-42 0. 058 0. 0040 0. 00510 
16b 42-48 0. 000 0. 0058 0. 00237 
16b 48-54 0. 000 0. 0070 0. 00116 
16b 54-60 0. 332 0. 0072 0. 00034 
22h 0— 6 2. 969 0. 0018 0. 0078 
22h 6-12 0. 828 0. 0100 0. 0023 
22h 12-18 0. 331 0. 0098 0. 0006 
22h 18-24 0. 000 0. 0056 0. 0002 
22h 24-30 0. 189 0. 0032 0. 0004 
22h 30-36 0. 004 0. 0042 0. 0028 
22h 36-42 0. 206 0. 0008 0. 0011 
22h 42-48 0. 143 0. 0008 0. 0007 
22h 48-54 0. 236 0. 0026 0. 0012 
22h 54-60 1. 466 0. 0000 0. 0005 
Hydrochloric and Sulfuric Acid Extraction for Iron and Manganese 
————— — —————— 
——— — 
Site Depth Total Free Free Site Depth Total Free Free 
Carbon Iron Manganese Carbon Iron Hanganes 
(in.) (%) (%) { % )  (in.) (%) (X) (%) 
23i 0— 6 0.318 0.0034 0. 0079 25b 0-6 2. 265 0.0024 0.0115 
23i 6-12 0.445 0.0154 0. 0003 25b 6-12 0.630 0.0122 0.0026 
23i 12-18 0. 173 0.0084 0. 0002 25b 12-18 0. 000 0.0170 0.0022 
23i 18-24 0.000 0.0058 0. 0007 25b 18-24 0.000 0.0168 0.0010 
23i 24-30 0.000 0.0052 0. 0037 25b 24-30 0.249 0.0140 0.0007 
23i 30-36 0.015 0.0058 0. 0031 25b 30-36 0.000 0.0138 0.0005 
23i 36-42 0.615 0.0030 0. 0010 25b 36-42 0. 000 0.0106 0.0017 
23i 42-48 1.062 0.0032 0. 0009 25b 42-48 0.000 0.0094 0.0022 
23i 48-54 1.548 0.0030 0. 0009 25b 48-54 0.045 0.0114 0.0021 
23i 54 — 60 1.480 0.0036 0. 0006 
27d 0-6 2.257 0.0052 0. 0078 28e 0— 6 0.636 0.0068 0.0052 
27d 6-12 0.359 0.0300 0. 0032 28e 6-12 0.000 0.0260 0.0006 
27d 12-18 0.470 0.0300 0. 0009 28e 12-18 0.000 0.0136 0.0003 
27d 18-24 0.000 0.0144 0. 0006 28e 18-24 0.000 0.0116 0.0003 
27d 24-30 0.192 0.0052 0. 0004 28e 24-30 0.000 0.0080 0.0020 
27d 30-36 0.093 0.0076 0. 0025 28e 30-36 0.000 0.0046 0.0015 
27d 36-42 0.131 0.0036 0. 0020 28e 36-42 0. 055 0.0032 0.0009 
27d 42-48 0.385 0.0030 0. 0009 28e 42-48 0.605 0.0003 0.0007 
27d 48-54 0.641 0.0036 0. 0005 28e 48-54 0.721 0.0010 0.0004 
28e 54-60 1.228 0.0008 0.0008 
Hydrochloric and Sulfuric Acid Extraction for Iron and Manganese 
Site Depth Total Free Free Site Depth Total Free Free 
Carbon Iron Manganese Carbon Iron Manganese 
(in.) (%) (%) { % )  (in.) (X) (*) (X) 
30g CI 1- 6 1.705 0. 0080 0. 0085 32i 0 -6 2. 230 0. 0050 0. 0104 
30g 6- 12 0.000 0. 0300 0. 0022 32i 6- 12 0. 794 0. 0216 0. 0044 
30g 12- 18 0.000 0. 0300 0. 0006 32i 12-18 0. 000 0. 0296 0, 0014 
30g 18- 24 0.000 4). 0200 0. 0006 32i 18-24 0. 000 0. 0140 0. 0006 
30g 24-30 0.000 0. 0134 0. 0003 32i 24-30 0. 000 0. 0110 0* 0004 
30g 30- 36 0.000 0. 0150 0. 0003 32i 30-36 0. 000 0. 0088 0. 0001 
30g 36-42 0.000 0. 0086 0. 0003 32i 3 6-42 0. 000 0. 0064 0. 0006 
30g 42-48 0.000 0. 0050 0. 0010 32i 42-48 0. 000 0. 0064 0. 0019 
30g 48-54 0.000 0. 0064 0. 0023 32i 48-54 0. 000 0. 0038 0. 0017 
33a 0 - 6 2.736 0. 0020 0. 0055 37c 0 - 6 4. 081 0. 0036 0. 0043 
33a 6-12 0.151 0. 0044 0. 0020 37c 6— 12 1. 543 0. 0029 0. 0023 
33a 12-18 0.000 0. 0012 0. 0025 37c 12-18 0. 504 0. 0038 0. 0014 
33a 18-24 0.013 0. 0008 0. 0020 37c 18-24 0. 574 0. 0044 0. 0030 
33a 24-30 0.016 0. 0010 0. 0003 37c 24-30 0. 266 0. 0054 0. 0026 
3 3a 30-36 1.022 0. 0016 0. 0002 37c 30-36 0. 111 0. 0074 0. 0030 
33a 36 -42 1.284 0. 0016 0. 0004 37c 36-42 0. 000 0. 0134 0. 0027 
33a 42-48 C.676 0, 0024 0. 0004 37c 42-48 0. 098 0. 0300 0. 0014 
3 3a 48-54 1.665 0. 0026 0. 0006 37c 48-54 0. 090 0. 0300 0. 0014 
33a 54-60 0.000 0. 0020 0. 0028 37c 54-60 0. 079 0. 0154 0. 0014 
43a 0 - 6 1.309 — 0. 0097 43a 30-36 0. 173 0. 0006 
43a 6-12 1.651 - 0. 0064 43a 36-42 0. 200 - 0. 0007 
U3a 12- 18 1.309 - 0. 0058 43a 42-48 0. 086 - 0. 0020 
43a 18-24 0.521 - 0. 0018 43a 48-54 0. 000 - 0. 0025 
43a 24-30 0.000 - 0. 0008 43a 54-60 0. 010 - 0. 0018 
Laboratory Analysis 
Sodium Citrate Extractions for Fe, Mn, ca, and Mg 
Site Depth Free Free Exch. Exch. Avail. 
Fe Hn Ca Sg Ca/Hg P 
(in.) (%) {%) (meq/IOOg) (neq/IOOg) (ppm) 
1 0—6 0,575 0. 140 6.5 2.95 2.20 17.0 
1 6— 12 0.250 0.064 4.0 2.79 1.43 11.3 
1 12-18 0.350 0.016 4.5 9.84 0.46 3.7 
1 18-24 0.375 . 0.004 19.5 15.57 1.25 8.5 
1 24-30 0.388 0.002 15.0 11.15 1.35 26.0 
1 30-36 0.588 0.012 15.0 10.49 1.43 26.9 
1 36-42 0.638 0.036 15.5 10.82 1.43 22.7 
1 42-48 0.463 0.076 18.0 12.13 1.48 6.2 
1 48-54 0.538 0.068 22.5 15.25 1.48 5.4 
1 54-60 0.738 0.074 23.0 10.82 2. 13 5.6 
2a 0—6 0.650 0.256 16.0 7.21 2.22 13.0 
2a 6—12 0.475 0.008 14.5 12.46 1.16 6.3 
2a 12-18 0.363 0.004 14.5 13.61 1.07 3.0 
2a 18-24 0.550 0.012 13.5 12.46 1.08 4.8 
2a 24-30 0.575 0.020 14.5 12.79 1.13 6.3 
2a 30-36 0.475 0.064 17.5 13.77 1.27 13.7 
2a 36-42 0.375 0.070 21.0 17.38 1.21 5.5 
2a 42-48 0.363 0.064 26.0 17.38 1.50 3.1 
2a 48-54 0.325 0.058 31.0 13.93 2.23 2.0 
2a 54-60 0.288 0.066 39.0 12.13 3.22 2.5 
5 0—6 0.375 0.320 17.5 5.25 3.33 17.4 
5 6-12 0.138 0.170 20.0 8.69 2.30 22.1 
5 12-18 1.050 0.014 18.5 11.48 1.61 17.1 
5 18-24 0.900 0.012 17.5 11.48 1.52 10.5 
5 24-30 0.225 0.032 14.0 9.84 1.42 14.9 
5 30-36 0.675 0.026 10.0 7.05 1.42 14.5 
5 36-42 0.788 0.032 8.5 5.90 1.44 18.3 
5 42-48 0.500 0.030 7.5 5.08 1.48 25.9 
5 48-54 0.275 0.018 9.0 5.57 1.62 29.2 
5 54-60 0.325 0.044 8.5 4.59 1.85 20.6 
2# 
Laboratory Analysis 
Sodium Citrate Extractions for Fe, Hn, Ca, and Hg 
Site Depth Free Free Exch. Exch. Avail. 
(in.) 
Fe Hn Ca Mg Ca/Hg P 
(%) (%) (meq/IOOg) (meq/IOOg) (ppm) 
6 0— 6 0.325 0.136 20.5 9.34 2.19 75.3 
6 6-12 0.313 0.008 28.0 15.08 1.86 24.2 
6 12-18 0.213 0.004 21.5 12.13 1.77 30.2 
6 18-24 0. 188 0.006 8.0 10.16 0.79 44.7 
6 24-30 0.250 0.026 26.0 15.90 1.64 10.3 
6 30-36 0.350 0.112 27.0 16.56 1.63 24.1 
6 36-42 0.363 0.052 23.5 14.26 1.65 6.9 
6 42-48 0.375 0.050 28.5 16.39 1.74 5.1 
6 48-54 0.438 0.040 28.5 14.92 1.91 3.2 
6 54-60 0.800 0.050 36.0 11.48 3.14 2.8 
7a 0— 6 0.300 0. 100 27.0 6.23 4.33 60.0 
7a 6-12 0.550 0.018 26.0 14.59 1.78 49.8 
7a 12-18 0.938 0.016 23.0 16.56 1.39 35.8 
7a 18-24 0.375 0.014 19.5 14.59 1.34 44.4 
7a 24-30 0.550 0.046 16.5 11.97 1.38 20.3 
7a 30-36 0.500 0.044 18.5 14.75 1.25 16.1 
7a 36-42 0.325 0.044 15.5 11.80 1.31 7.7 
7a 42-48 0.513 0.058 18.0 13.93 1.29 6.3 
7a 48-54 0.388 0.062 17.0 11.15 1.52 5.7 
7a 54-60 0.388 0.066 29.5 8.20 3.60 2.6 
11a 0—6 0.338 0.132 22.0 11.15 1.97 22.1 
11a 6-12 0.250 0. 130 17.0 9.84 1.73 11.6 
11a 12-18 0.163 0.008 29.0 22.30 1 .30 2.8 
1 la 18-24 0.413 0.038 27.0 20.98 1.29 5.7 
11a 24-30 0.088 0.026 22.0 16.39 1.34 9.4 
1 la 30-36 0.063 0.020 18.5 12.79 1.45 2.4 
11a 36-42 0.075 0.022 20.0 13.93 1.44 1.8 
1 la 42-48 0.088 0.014 25.0 17.70 1.41 1.3 
1 la 48-54 0.138 0.010 31.0 22.95 1.35 1.3 
1 la 54-60 0.038 0.022 13.0 8.03 1.62 1.7 
2^5 
Laboratory Analysis 
Sodium Citrate Extractions for Fe, Hn, Ca, and Ng 
Site Depth 
(in.) 
Free 
Fe 
i%) 
Free 
Mn 
(%) 
Exch. 
Ca 
(meq/IOOg) 
Exch. 
Hg 
(meq/IOOg) 
Ca/Hg 
Avail. 
P 
(ppm) 
14 0—6 0.463 0.248 20.0 7.87 2.54 40.1 
6-12 0.313 0. 170 8.0 4.43 1.81 10.5 
14 12-18 0.150 0.012 16.0 11.48 1.39 5.7 
14 18-24 0.225 0.008 21.5 16.56 1.30 5.3 
14 24-30 0.675 0.014 19.0 15.08 1.30 20.6 
14 30-36 0.250 0.080 19.5 15.74 1.24 34.9 
14 36-4 2 0.363 0.060 27.0 17.54 1.54 3.7 
14 42-48 0.163 0.056 32.5 20.98 1.55 3.3 
14 48-54 0.650 0.058 41.5 17.13 2.42 1.8 
14 54-60 0.325 0.012 32.0 10.33 3.10 4.6 
28e 0— 6 0.788 0.082 29.5 22.62 1.30 7.2 
28e 6-12 0.163 0.004 25.5 19.67 1.30 0.2 
28e 12-18 0.125 0.002 25.5 20.16 1.26 1.1 
28e 18-24 0.075 0.004 28.0 21.48 1.30 2.0 
28e 24-30 0.225 0.072 29.0 20.66 1.40 6.1 
28e 30-36 0.238 0.110 33.0 19.34 1.71 1. 1 
28e 36-42 0.075 0. 112 44.0 17.38 2.53 1.0 
28e 42-48 0.050 0.036 44.5 16.07 2.77 0.9 
28e 48-54 0.050 0.042 47.0 17.21 2.73 1.4 
28e 54-60 0.188 0.034 40.0 20.00 2.00 1.2 
45c 0-6 0.363 0.166 3.0 0.98 3.06 7.5 
45c 6-12 0.525 0. 158 2.0 1.15 1.74 8.6 
45c 12-18 0.463 0.042 10.0 6.07 1.65 9.8 
45c 18-24 0.775 0.024 11.5 9.02 1.27 14.0 
45c 24-30 1.038 0.018 13.0 11.80 1.10 15.5 
45c 30-36 0.800 0.012 13.0 11.97 1.09 26.5 
45c 36-42 0.688 0.026 12.5 10.98 1.14 45.3 
45c 42-48 0.663 0.076 13.0 11.31 1.15 43.7 
45c 48-54 0.963 0.054 14.5 12.13 1.20 25.0 
45c 54-60 0.850 0.090 13.0 10.82 1.20 19.8 
246 
Reaction Measured by Calcium Chloride on Selected Samples 
Site Depth pH Site Depth pH Site Depth pH 
1 6—12 3.38 1 24-30 3.85 23e 0—6 6.34 
2a 6-12 3.19 2a 24-30 3.81 28e 6-12 3.22 
5 6-12 3.97 5 24-30 3.84 28e 12-48 3.83 
6 6— 12 3.75 6 24-30 4.65 28e 18-24 3.92 
7a 6-12 5.08 7a 24-30 4.83 28e 24-30 7.21 
10 6-12 4.00 10 24-30 5. 19 28e 30-36 5.08 
12b 6-12 3.67 12b 24-30 5.52 28e 36-42 7.55 
13 6-12 5. 16 13 24-30 5.45 28e 42-48 7.61 
14 6—12 3.80 14 24-30 4.03 28e 48-54 7.63 
15a 6-12 3.67 15a 24-30 4.30 28e 54-60 7.65 
16b 6-12 3.44 16b 24-30 4.05 45c 0-6 4.57 
21g 6—12 3.49 21g 24-30 4.17 45c 6-12 3.64 
22h 6-12 3.22 22h 24-30 4.15 45c 12-18 4.02 
23i 6-12 3.22 23i 24-30 5.70 45c 18-24 4.24 
33a 6-12 5.61 33a 24-30 7.47 45c 24-30 3.89 
38d 36-42 6.88 38d 24-30 6.95 45c 30-36 4.01 
43a 6-12 6.49 43a 24-30 4.37 45c 36-42 4.17 
4c 24-30 6.52 44b 24-30 5.59 45c 42-48 4.45 
3b 0—6 6.21 2 Of 0—6 6.21 45c 48-54 4.82 
3b 6— 12 4.48 20f 6-12 4,86 45c 54-60 5.29 
3b 12-18 3.73 20f 12-18 3.96 32i 0—6 5.61 
3b 18-24 3.85 2 Of 18-24 3.91 32i 6-12 3.22 
3b 24- 30 4.19 20f 24-30 3.96 32i 12-18 3.61 
3b 30-36 5.81 20f 30-36 4.43 32i 18-24 3.57 
3b 36-42 7. 18 20f 36-42 4.93 32i 24-30 3.39 
3b 42-48 7.31 20f 42-48 6.22 32i 30-36 3.51 
3b 48-54 7.54 20f 48-54 7.13 32i 36-42 3.83 
3b 54-60 7.66 20f 54-60 7.48 32i 42-48 4.40 
32i 48-54 6.23 
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Legal location notations of all sites 
cored during terrace study 
Site Location 
1 NW-^, SW-i , Sec 21, TIOON, R4W, Allamakee Co. 
2a SE-i, Mi, Sec 5> Ï98N, R3W, Allamakee Co. 
3b NE|, SW-^, Sec 3. T98N, R3W, Allamakee Co. 
4c NW-i , NW; , Sec 8, T98N, R3W, Allamakee Co. 
5 SS-i, m i ,  Sec 14, T97N. R3W, Allamakee Co. 
6 NE4, NErU Sec 21, T94N, R3W, Clayton Co. 
7a SE-4. SWf, Sec 30, T93N, R3W, Clayton Co. 
8b mi, SE^, Sec 25, T93N, R3W. Clayton Co. 
9c SE^, NW^, Sec 25, T93N, R3W. Clayton Co. 
10 NEi, SV/-Î, Sec 20, T92N, R2W, Clayton Co. 
11a K, NWi, Sec 36, T87N, R3S, Jackson Co. 
12b ?JE%, NWi", Sec 2, T86N, R4E, Jackson Co. 
13 NW|, NE|, Sec 8, T85N, R5E, Jackson Co. 
14 SE|, NWt, Sec 35, T85N, R5E, Jackson Co. 
15a SE|, NE-|, Sec 1, T84N, R6E, Jackson Co. 
16b SE-j, NEi, Sen 1, T84N, R6E, Jackson Co. 
17c SE^, NE^, Sec 1, T84N, R6E, Jackson Co. 
I8d NE-i, NE| , Sec 1, T84N., R6E, Jackson Co. 
19e NEi, NEt, Sec 1, T84N, R6E, Jackson Co. 
2Of SW|, NEi, Sec 1, T84N, R6E, Jackson CO. 
21g NE| , SW|-, Sec 1, T84N, r6e, Jackson Co. 
22h NSi, SE$, Sec 1, T84N, R6E, Jackson Co. 
231 SEl, SEÎ. Sec 2, T84N, R6E, Jackson Co. 
24a NEi, NEi, Sec 18, T83N, R7Ë, Clinton Co. 
25b NEi, NE4-. Sec 18, T83N, R7E, Clinton Co. 
26c SE^, NeJ, Sec 18, T83N, R7E, Clinton Co. 
27d SE|-, NEÎ, Sec 18, T83N, $7E, Clinton Co. 
28e SE$, NE=, Sec 18, T83N, R7E, Clinton Co. 
29f NeJ, se}, Sec 18, T83N, R7E, Clinton Co. 
30g NE-;-, SEÎ, Sec 18, T83N, R7E, Clinton Co. 
31h SEÎ-, SE-i, Sec 18, T83N, $7E, Clinton Co. 
321 SEf, SEi, Sec 18, T83N, R7E, Clinton Co. 
33a NW%, NWè, Sec 19, T82N, R7E, Clinton Co. 
34b NEt, NEi, Sec 24, T82N, R6E, Clinton Co. 
35a NWi, SW-i-, Sec 32, T81N, R6E, Clinton Co. 
36b SE-i, NWf, Sec 12, T80N, R5E, Clinton Co. 
37c NE{, mi, Sec 12, T80N, R5E, Clinton Co. 
38d SE-4, NW-i-, Sec 10, T8OIM, R5E, Clinton Co. 
1Q0. MTTl RrpJ Co/» o fpfimr wCT? m î 
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Legal location notations of all sites 
cored during terrace study 
Site Location 
40 SW4, SWj, Sec 9. T80N, R5E, Clinton Co. 
41 SW|, SW$, Sec 9. T80N, R5E, Clinton Co. 
42 SWÎ, SWÎ, Sec 9, T80N, R5E, Clinton Co. 
43a SWi, SWi, Sec 15, T69N, R4W, Lee Co. 
44b SEt, WSk,  Sec 25, T69N, R5W, Lee Co. 
45c mi, NWt, Sec 32, T69N, R4W, Lee Co. 
